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INFORMATION SHFRT ON FEDFRAL STANDARDS

This Federal Standard is issued inyloose—leéf form to permit the insertion or
removal of new or revised pages and sections. ’ : '

A1l users of Federal Standards should keep theﬁ up to date bty inserting |
revised or new pages as issued and removing superseded and canceled pages.

New and revised pages will be issued under Change Notices which will be
numbered consecutively and will bear the date of issuance.  Change Notices
should be retained and filed in front of the standard until such time as they
are superseded by a reissue of the entire standard.

FOREWORD

This section was developed to provide Unified Inch Screw Threads for the
Federal Services. It was formerly known as "Unified Thread Form and Thread
‘Series for Bolts, Screws, Nuts, Tapped Holes and General Applications". The-
present issue is a complete revision of PED-STD-H28/2 dated 31 March 1978. It
also includes the material previously identified as FED-ITD-H28/3 dated 31
March 1978, which was known as "Unified Threads of Special Diameters, Pifches,
and Lengths of Engagement". Material from Appendices A% and A5 of FFD-STD-H28
- dated 31 March 1978 has been revised and is now in Appendices A and B,
respectively, of FED-STD-H28/2A.

z

. FED-STD-H28/2A was prepered by the Defense Industrial Supply Center (DLA-IS)
and incorvorates the American National Standard for Unified Tnch Screw Threads,
'ANST R1.1-1082. Significant changes from the previous issues include the
following: S :

(1) Added UNR, external thread form with mandatory rounded root.
(2) Revised toierénce,requirements for lead and flark angles.

(3) Added requirements for control of surface texture, chamfers, and
rolled thread lead-ins and run-outs: '

(4) Added requirement that inSﬁection methods for acceptability are in
accordance with FED-STD-H28/20.

;




FED-STD-H28/2A

SECTION 2 - Unified Inch Screw Threads -
UN and UNR Thread Forms

1. Scope. This section provides the standard for unified inch screw threads
to be useg by the Federal Services.

1.1 Limitations. Only UN and UNR screw threads are covered in this
section. For UNJ threads (controlled external thread root with rounded form
and increased form minor diameter) see FED-STD-H28/4 (MIL-S-8379). For UNM
threads (miniature threads) see FED-STD-H28/5.

1.2 Application.

1.2.1 TUN form screw threads. The UN thread is intended for general purpose
fastening applications. 1ts external thread root may be either flat or
rounded.

1.2.2 TUNR form screw threads. The UNR form applies only to external
threads. ~1ts design form is the same as that of the external UN thread except
that the root is required to be rounded. UNR threads are applied most often to
high volume commercial fastener threads produced by rolling.

NOTE: The mandatory rounded root of the UNR thread greatly reduces
the concentration of stress, hence increases the fatigue life
of threaded parts.

2. Referenced documents.

2.1 Government publications. The issues of the following documents in
effect on the date of invitation for bids or request for proposal form a part
of this standard to the extent specified herein.

Federal standards.

FED-STD-F28/1  Nomenclature, Definitions and Letter Symbols for Screw
Threads

FED-STD-F28/6 Gages and Gaging for Unified Screw Threads

FED-STD-H28/20 Inspection Methods for Acceptability of UN, UNR, UNJ,
M and MJ Screw-Threads

(Activities cutside the Federal Government mgy obtain copies of Federal
specifications, standards, and commercial item descriptions as outlined
under General Information in the Index of Federal Specifications,
Standards, and Commercial Item Descriptions. The Index, which includes
camlative bi-monthly supplements as issued, is for sale on a subscrip-
tion basis by the Superintendent of Documents, U.S. Govermment Printing
0ffice, Washington, DC 20402.
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(Single copies of this specification and other Federal specifications
and commercial item descriptions required by activities outside the Ped-
eral Government for bidding purposes are available without charge from
General Services Administration Business Service Centers in Boston, MA;
New York, NY; Philadelphia, PA; Washington, DC; Atlanta, GA; Chicago,
IL; Kansas City, MO; Fort Worth, TX; Houston, TX; Denver, CO; San Fran—
cisco, CA; Los Angeles, CA; and Seattle, WA.

(Federal Government activities may obtain.copies of Federal standardi-
zation documents, and the Index of Federal Specifications, Standerds,

and Commercial Item Descrlptlons from established distribution p01n+s in '
their agenmes.)

2.2 Other pubhcauons. The following. documents form a part of this
standard to the extent specified herein. TUnless a specific issue is
identified, the issue in effect on date of 1nv1tat10n for bids or request for
~ proposal shall apply.

American National Standards

ANST B1.1-1982 Unified Inch Screw Threads (UN and UNR Thread Form)
ANST B46.1 Surface Texture - Surface Roughness, Waviness and Lay

(Application for copies should be addressed to the American Society of
Mechanical Fngineers, United Fngineering Center, 345 East 47th Street,
New York, NY 10017 or the American National c§1zandau'ds Institute, 14‘30
Broadway, New York, NY 10018.)

3. Definitions. The terms applicable to this standard are defined in
- FED-STD-H28/1. . -

4. General requirements.

A.1 Screw threads. Unified inch screw threads shall be in accordance with
ANST B1.1-1982 and this Federal Standard. Only Standard Series Unified Screw
Threads, listed in Table %A of ANSI B1.1-1982, shall be used for new design for
the Pederal Services unless prior approval has been granted by the procurement
authority to deviate from them. Coarse and fine thread series are preferred.

"~ 4.2 Acce ltablllty Screw thread 1nspect10n methods for acceptability ‘shall
be in accordence with FED—STD—H28/20 The required @gmg gystem shall be '
gspecified in accordance with that standard.

4.3 Gases and gaging. Oages ond gaging shall be in accordance with
FED-STD-F25/5.
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5. Detailed requirements.

5.1 Diameter-pitch combinations. When standard size screw threads referred
to in 4.7 cannot be used, the designer should choose preferred sizes of special
threads listed in Table 3B of ANSI B1.1-1982. If this is not possible,
consideration should be given to the following sub-paragraphs in the choice of
thread.

5.1.1 Preferred non-standard diameters. Whenever possible, the nominal
diameter should be selected from series of diameter increments as follows:

First choice Second choice
Diameter. range increment increment

inch inch inch
0.25 to 0.6 0.05 —_—

above 0.6 to0 1.5 0.1 0.05
above 1.5 to0 6.0 0.25% 0.1

above 6H to 16 0.5 0.25
above 16 to 24 1.0 0.5

It is recommended that diameters less than 0.25 inch conform to the standard
sizes as there is virtually no necessity for the selection of a diameter not
included in those sizes. Also, the coarse and fine thread series provide ample
choice of diameter-pitch combinations.

5.1.2 Preferred non-standard pitches. Whenever possible, the pitch should
be selected from one of the following; 40, %, 32, 28, 24, 20, 16, 12, 10, 8,
6 and 4 threads per inch. Intermediate pitches should be used only when
absolutely necessary. Pitches coarser than 4 threads per inch are not
recommended. The curves shown in Figure 2.B.2 of Appendix B cover the
practical diameter limits suggested for each pitch.

5.2 Thread Class Selection. Standard Unified thread classes and their
applications are described in Section 4 of ANSI B1.1-1G82. When selecting a
thread class, consideration should first be given to the use of a class
2A external thread with a class 2B internal thread since these classes are
designed for general use. Before specifying class 3A/3B series, it must be
considered whether the additional production cost, necessary for the tighter
fit and tolerance is justified. If a fit looser than the standard class
1A/1B is required, the non-preferred class 1AR msy be specified for an
external thread of 16 threads per inch and coarser. This special class
combines the larger allowance of the old American National class 1 thread with
the Unified class 1A thread tolerance. See 5.2.2 for class 1AR allowance.




FED-STD-F28/2A

5.2.1 Replacements for obsolete American National thread classes. When
threads specified with the obsolete American National thread classes are to be
replaced by unified threads, the following guidelines are provided:

a. American National class 1 coarse thread series (NC-1) is approxi-
mately equivalent to Unified class 1A/1B series. Class 1 fine.
thread series (NF-1) is approximately equivalent dimensionally to
Unified class 2A/2B series. Standard Unified series threads should
be considered prior to approval of replacement by non-standard
threads :

b. American National class 2 coarse thread series (NC-2), 8 thread
- series (8N-2), 12 thread series (12M-2), 16 thread series (16N-2),
- and extra fine thread series (NER-2) are most nearly equivalent %o
Unified series UNC-2A/2B, S8UN-2A/2B, 12UN-2A/2B, 16UN-2A/2B and
UNER-2A /2B respectively. Class 2 fine thread series (NE-2) is
approximately equivalent dimensionally to Unified class ZA /3B
series, but the use of class 2A/2B series should be considered
prior to approval of replacement by class 3A/3B. '

c. Arerican National class % series NC-3, NR-3, NER-3, 8NN3, 12N-3 and

' 168-3 are most nearly equivalent to Unified class 3 series
UNC-3A/%B, UNE-3A/3B, UNEF-3A/3B, S8UN-%A/3B, 12UN-3A/3B and
16UN-3A/3B, respectively. ' _ )

d. There is no Unified thread class equivalent to the old American
National class 4 which required selective fit of parts due to the
possibility of interference.

5.2.2 Thread allowance and tolerance. Allowances and tolerances specified
for standard Unified thread classes are described in Section 5 of ANSI Bi.1-
1082. For the special external thread class 1AR, tolerances are the same as
for class 1A and allowances are as follows: ’

Threads per inch Class 1AR allowance

. inch
16 ' 0.0018
14 ’ 0.0021
12 0.0024
10 0.0028
8 0.00%4
6 0.0044
4 - 0.0064

To complement paragraph 5.6 of ANST B1.1-1982, recommended tap drill sizes and
hole size limits before threading, for different lengths of engagement, are
included in Appendix A. ‘
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5.3 Designation. Designation of Unified screw threads is in accordance with
section 6 of ANSI B1.1-1982. Nominal size shall be stated in decimals. The
symbol UNS is applicable to any thread:

(1) having the basic Unified thread form
(2) with limits based upon Unified formulations, and

(3) which is not in the standard series listed in Table 3A of
ANSI Bt .1-1982.

5.4 Limits of size. See section 8 of ANSI B1.1-1982 for limits of size of
standard and preferred non-standard threads and for information used for
calculation of non-standard thread size limits which are not tabulated. TFor
class 1AR, calculate as for class 1A except allowance is tabulated in 5.2.2.
The following example illustrates the procedure necessary to calculate the
limits of size of a non-standard thread; this follows the outlines in tables 1A
and 1B of ANSI B1.1-1082:

External thread, 2.500 - 28UNS-2A
Length of engagement, 1 inch

Maximum major diameter = Nominal size - allowance
(section 13 of ANSI B1.1-1982)
2.5000 - 0.0014 (from table 32 of ANSI Bi.1-1982)

204986

Maximum major diameter - tolerance

(Section 13 of ANSI Bt.1-1982)

2.4986 - 0.0065 (from table 31 of ANSI Bi .1-1982)
2.4921

Minimum major diameter

Hon

Maximum major diameter - h
(table 6, col. 13 of ANSI By .1-1082)
2.4986 - 0.0232 (rounded from 0.023197)

2.4754

Maximum pitch diameter - tolerance
(section 13 of ANSI B1.1-1982)
2.4754 - 0.0056 (from table 34 of ANSI Bi.1-1982)

Maximum pitch diameter

non

n

Minirum pitch diameter

W

2.4698
Nominal (maximum) minor = Maximum major diameter - 2%‘.1
diameter (table 6, col. 15 of ANSI BI.1-19R2)
= 2.4986 - 0.0387 (rounded from 0.03866)
= 2.4599
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oy Internal thread 2.500 - 28UN3-2B
ST (to mate with the above thread)

Nominal sige - 2 :

(table 6, col. 15 of ANSI B1.1-1982)
2.5000 - 0.0%87 (rounded from 0.03866)
2.4613 which is rounded to 2.461

Minimum minor diameter

Minimum minor diameter + tolerance

(section 13 of ANSI B1.1-1932) .

2.461% + 0.0063 (from table 39 of ANSI B1.1-1982
for length of engagement of 0.4D)

2.4676 which is rounded to 2.468

¢ Maximum minor diameter

-

Nominal size - h

(table 6, col. 1% of ANSI B1.1-1982)
2.5000 - 0.0232 (rounded from 0.023197)
2.4768.

r.. Minimm pitch diemeter

i

Minim\im pitch diameter + tolerance

(section 13 of ANSI B! .1-1982)

2.4768 + 0.0073 (from table 37 of ANSI B1.1-1982)
2.4841 : .

Maximum pitch diameter

. Nominal (minimum) major = Nominal size
sadst - diameter

Factors used in the design of threads, particularly special threads, are
presented in Appendix B. It is to be noted that deviations from standard

" tolerances for major diameter of the external thread and for minor diameter of
internal thread may be necessary in order to arrive at the optimum design.

‘ v:'5 .5 Surface texture.

5.5.1 The threads shall have a smooth finish and be free from flaws and
other defects, such.as fins, nicks and burrs, that would mske them unsuitable
for the purpose intended.

5.5.2 Workmanship shall be consistent with the tolerances specified herein.
- Surface texture of threads produced to this standard shall not exceed 100
- 'mieroinch arithmetical average roughness (Ra) for cut threads and 63
microinch (Ra) for rolled and ground threads in accordance with ANSI B46.1.
° NOTE: Coarse and fine pitch threads with rough surface texture are more
likely to cross-thread. Threads with chamfered entering ends have the least
fendency to cross-thread when assembled with power tools.
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5.6 Chamfer.

5.6.1 All entering ends of fasteners and threaded components shall have
45° chamfers (approximately) from minor diameter of external threads and
major diameter of internal threads, unless otherwise specified.

5.7 Rolled threads.

5.7.1 Completely formed threads. A completely formed thread follows the
thread profile, within the tolerance zone over an axial distance of one pitch.
See figure 2.1.

5.7.2 Incomplete formed threads.

5.7.2.1 The lead-in thread is measured from the end of the product to the
start of the first complete thread where the major diameter is equal to the
minimum allowable major diameter and the thread root is equal to the maximum
minor diameter. This should not exceed 2P. See figure 2.2.

5.7.2.2 The run-out thread is measured between the transition point of the
product and the first thread root which is completely formed, where the minor
diameter equals the maximum permissible minor diameter and the major diameter
of the last fully formed thread equals the minimum permissible major diameter.
When root radius is specified, the last completely formed root at the minor
diameter must meet the requirement. See figure 2.3 for full shank fastener,
figure 2.4 for pitch diameter shank fastener, figure 2.5 for shoulder bolt,
figure 2.6 for oversize diameter shank fastener and figures 2.7 and 2.8 for
threaded to head fasteners.

6. Notes.
6.1 Supersession note. In addition to superseding FED-STD-28/2 dated 31

March 1978 and FED-STD-R28/3 dated 31 March 1978, this document also supersedes

Appendices A3 and A5 of FED-STD-H28 dated 31 March 1978.

MILITARY INTERESTS: CIVIL AGENCY COORDINATING ACTIVITY:
Custodians GSA-FSS
Army - AR
Navy - AS
Air Force - 11
Review Activities PREPARING ACTIVITY:
Army - CR,FA,ER,MF DLA-IS

Air Force - 15,99

User Activities

Army - AT,MI (DoD Project THDS-0044)
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ji———— FULL THREAD —|

i— d BASIC MAJOR DiA

K-'d MIN MAJOR DIA

— < q,, BASIC PITCH DIA

dz MAX ROUNDED
- ROOT. MINOR DIA

\— d3 MIN ROUNDED
'ROOT MINOR DIA

FIGURE 2.1 COMPLETELY FORMED EXTERNAL THREAD'

LEAD THREADS = 2P MAX ——H

\-'d MIN MAJOR DIA

d3 MAX ROUNDED
ROOT MINOR DIA

CHAMFER- APPROX 45°

™ END OF SHANK

FIGURE 2.2 INCOMPLETE FORMED EXTERNAL THREADS, LEAD-IN THREADS
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h——- MAX RUNOUT =2pP

& MIN RUNOUT = IP

COMPLETE THREADS

\—d MIN MAJOR DIA

d3 MAX ROUNDED
¥ ROOT MINOR DIA

FIGURE 2.3 INCOMPLETE FORMED THREADS, FULL SHANK
FASTENER -STANDARD DIAMETER

fl—————— MAX RUNOUT = 2P Pyt COMPLETE THREADS

MIN RUNOUT = 0.6P
“3003/

\- d MIN MAJOR DIA

d3 MAX ROUNDED
— ROOT MINOR DIA

FIGURE 2.4 INCOMPLETE FORMED THREADS, PITCH DIAMETER
SHANK FASTENER
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j——————— MAX RUNOUT = 2P — Pttt COMPLETE THREADS

MIN RUNOUT =P 3 '
= 30°\7/

. \— d MIN MAJOR DIA

|
d3 MAX ROUNDED
ROOT MINOR DIA

FIGURE 2.5 FULL SHANK FASTENER-STANDARD DIAMETER,
" OPTIONAL CONFIGURATION (SHOULDER BOLT)

at————— MAX RUNOUT = 2P +{OVERSIZE Poret COMPLETE THREADS
INCREMENT - 2 TAN © MIN)

MIN RUNOUT =1P +{OVER - -
SIZE INCREMENT + 2 TAN

' © MAX)
o ~ Lt— 30°
‘120 - 35°
: r1 r MIN FORTHREAD .

ROOT

d MIN MAJOR DIA7

‘— /2 OVERSIZE
© INCREMENT

d3 MAX ROUNDED ROOT MINOR DIA —/

FIGURE 2.6 FULL SHANK FASTENER-OVERSIZE DIAMETER

NOTE:
© = TRANSITION TAPER ANGLE
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e UNDERHEAD SURFACE

————— W MAX = 2P + MAX FILLET RADIUS ji—— COMPLETE THREADS

|
|

pel- MAX —P W MIN={P + MAX —»
FILLET FILLET RADIUS

RADIUS

12°-35° \— d MIN MAJOR DIA

d3 MAX ROUNDED

r MIN FOR THREAD ROOT ROOT MINOR DIA

FIGURE 2.7 FULL SHANK FASTENER-THREADED TO HEAD

/—UNDERHEAD SURFACE
- W MAX = 2P +MAX FILLET RADIUS ——»jat—— COMPLETE THREADS

- MAX —3 i"— WMIN=0.6P —P»
FILLET + MAX FILLET

RADIVUS RADIUS

\— ¢ MIN MAJOR DIA

d3 MAX ROUNDED
ROOT MINOR DIA

FIGURE 2.8 PITCH DIAMETER SHANK FASTENER -THREADED TO HEAD
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APPENDIX A
TAP DRILL SIZES AND RECOMMENDFD HOLE SIZE LIMITS BEFORE THREADING

10. Scope. This appendix provides suggested tap drill sizes and recommended
hole size limits applicable prior to forming internal Unified screw threads.
It is not a mandatory part of the standard. The information contained herein
is intended for guidance only.

20. Tap drill sizes.

20.1 " General. To assure that the minor diameter of an internal thread is
held within specified limits, it may be necessary %o use a reamer to finish the
hole. A variety of factors enters into the production of a clean, round,
straight hole of the correct diameter. For a discussion of these and other
data on drilling and tapping, reference may be made to "Drilled Holes for
Tapping", a publication of the Metal Cutting Tool Institute, 1230 Keith
Building, Cleveland, OH 44115.

20.2 MTabulated data.

20.2.1 Table II.A.1 gives minor diameter limits and corresponding
percentages of thread for all standard series threads up to and including %.75
inch diameter for classes 1B and 2B. Table I7.A.2 is a similar table for class
%B. These tables also list sizes of drills t..at may be expected to driil holes
within or near the specified minor diameter limits. The diameter of the drill,
the probable hole size, and the corresponding percentages of thread sre
tabulated. ' '

20.2.2 As a drill may normally be expected to cut oversize, probable hole
sizes are tabulated that are deriwved from probable mean oversizes, also
tabulated. The following is quoted from the above-mentioned report: "... a
series of tests was conducted by drill manufacturers. Using six sizes of
drills ranging from 1/16" to 1" in diameter, a total of 2,808 holes were
drilled in cast iron and steel. Regular high speed steel drills were used with
drilling equipment of the type normally found in metal working shops.... The
average depth of hole drilled was equal to 1 1/2 times the drill diameter.
Measurement of the hole was made at midpoint of the depth drilled....The
average of the...amounts oversize...shows a marked increase in
amount oversize for drills larger than 3/4". Tor this size range reaming is
recommended. " : '

12
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20.2.3 Percent of thread listed in tables is the ratio in percent of the
actual height of thread to the value 0.75H; this value is the basic thread
height of the obsolete American National Thread Profile. Since the basic
height of a Unified Thread Profile is 0.625H, the maximum percent thread
permissible is 83.%. Due to allowances for drills to cut oversize or due to
lack of availability of drills within specified minor diameter limits, tap
drills listed in tables II.A.1 and II.A.2 may show greater than 83.3% threads.
This indicates that the drill size is smaller than the minirum thread minor
diameter and additional machining of the hole may be necessary in order to
permit economical tapping.

30. Recommended hole size limits before threading.

30.1 General. For short length of engagement, the hole diameter required
prior to threading should be held near the minimm limit to maximize thread
height for maximum joint strength. As length of engagement increases, it is
advantageous to increase the hole diameter for more economical tapping with
less risk of tap breskage. Therefore, the following recommendations were
developed (also see 30.2 below):

Length of Fngagement Minimum Hole Size Maximum Hole Size
Up to and including 0.33D Minimum minor dia Min minor dia plus
1/2 minor dia tolerance
Above 0.33D thru 0.67D Min minor dia plus Min minor dia plus
1/4 minor dia tolerance  3/4 minor dia tolerance
Above 0.67D thru 1.5D Min minor dia plus Max minor dia (min minor
1/2 Minor dia tolerance  dia plus tolerance)
Above 1.5D thru 3.0D Min minor dia plus Max minor dia plus 1/4
3/4 minor dia tolerance  minor dia tolerance
(See 30.2)

From the foregoing it will be seen that the difference between limits in each
range is the same and equal to half of the minor diameter tolerance. This is a
general rule. However, the minimum differences for sizes below 0.25 in are
equal to the minor diameter tolerances given in tables 39 and 40 in ANSI
B1.1-1982 for lengths of engagement to and including 0.33D. For lengths of
engagement greater than 0.33D for sizes 0.25 in and larger, the minimum values
are adjusted so that the difference between limits is never less than 0.0040
in.

13
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30.2 Tabulated data. Recommended hole size limits for standard Unified
threads and some special (UNS) threads are given in tables II.A.3 and II.A.4.
For other special threads, calculate in accordance with 30.1 above; use minimum
minor diameter and tolerance from table 3B of ANSI B1.1-1982, or calculate in
accordance with section 8 of ANSI B1.1-1982 using appropriate tolerance from
table 39 or 40 of ANSI B1.1-1982 for tolerance ratio of 1 or from formulas in
paragraph 5.8.2 of ANSI B1.1-1982. Tabulated hole sizes and hole sizes
calculated in accordance with 30.1 are hot mandatory unless the thread
designation states the modified minor diameter limits and the designation
M)D in accordance with paragraph 6.7 in ANSTI B1.1-1982. If modified minor
diemeter limits are not specified, acceptance will be in accordance with
standard minor diameter limits. '

NOTE: Recormended maximum hole sizes in 30.1, for lengths of engagement
greater than 1.5D are outside standard minor diameter limits. They are not
included in tables II.A.3 and I1.A.4. Use of a minor diameter larger than
standard will result in a reduction in shear area of the external threads of
the mating part. If manufacturing process permits, maximum hole size before
threading should be maintained at the high end of the standard minor diameter
1limits.

%0.3 Other considerations. When tapping relatively soft materials,
especially with fine pitch threads, there is a tendency for the material to be
squeezed down towards the root of the tap so that the minor ‘diameter of the
tapped hole mgy become smeller than the diameter of the drilled hole. It may
be necessary to try a different size drill or different style tap to assure a
satisfactory thread. ’ '

14



TABLE II.A.1 — Tap drill sizes, Unified screw threads, classes 18 ond 28
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Closses 1B and 2B minor digmeter, Tap drilis and percent of thread
Threots | Desig- internal threcds
Threod size| per | oo V7 1/ 7, iV4
tnch Percent™ Percant = PerceiT '| Prabable | Probadle Percent
Minimm of Maximun of Drill 2ize of | oversize, |  hole ot
threcd 1hread threcd mecn size threcd
in i i #56" 0.0485 83| o.bois | o0 78
UNF | 0.0465 3.1 o0.0814 5.0 |{% -uas 8 0.0018| 0.0480 i
073 [ 64 | UNC | .ose1 8.3 | .62 62.7 |{ 434 9330 ol < i
o3 | 72 | UNF | .ose0 83.1| .0835 s2.7 (4% ] Bl By -Geio 4
#51 .0870 g2 ooz | . 75
088 | s | uNc | .oeer 83.2| .o737 53.0 [{ #30 0700 8| ooz | lo7z 62
#19 10730 6| ooz | oz 1
088 [ 64 | UNF 0881 83.3| .0753 s2.7 |{ 49 it al e e »
48 .0760 gs| .oos| .omme 78
% 0781 77| ooe| lesoo 70
000 | 48 | UNC | .o7e4 83.5| .0845 53.6 |{ #47 0783 78| oo | esne €9
#46 0810 67| ool | lgsze 80
#45 :0820 8| o019 lcs3p 58
#46 -810 78| looe | losze 69
09 [ s | UNF | .o77 83.2| .0885 53.0 |{ #45 10820 13| ooe| o83 85
94 10860 $6| oo loa7e o8
#44 . 80| .000| .cam 74
12 | 40 | UNC .0849 83.4 .0830 ss.7 [{ 843 e gl x| g0 e
: 20838 6| oozo| loess 50
#43 10880 85| .0020| 0910 78
M2 | 48 | UNF | .osmM 83.5 | .oves s6.2 (1,592 ] & P Goss a
da1 10960 s6{ 0020 l0s&0 52
#40 .o80 f 83| .0023| .1003 78
azs | 40 | unc | .oe7 8.4 1082 s7.0 1 3% 000s Bl Xy o n
. #37 ‘1040 65| o023 | 1083 58
#38 ‘1015 80| 00z | 1038 73
a25 | e | UNF| 1004 83.3| .1070 57.9 |{ #37 ‘1040 71 o023 1083 63
#38 11065 63| 0023 | 1088 35
#37 1040 84| .00z3| .08 78
238 11063 8| lo023| 10ss 72
138 | a2 | uNC .104 83.8| .1 50.1 [{*ss 108 e I B o
#34 1110 67| ‘o028 1138 80
#33 1130 62| 0028 1156 85
#34 1110 83| o028 | 138 75
38 [ 4 | UNF| . 8.1 .19 58.5 |{ #33 ‘1130 77| oo2s| nse €
#32 1160 68| 0028 1158 60
64 | 32 [ UNC| .13 83.8| .139 61.6 | #20 1380 69| .coze| 138 62
#29 ‘1360 78| ooze | 1389 ]
184 | 38 | UNF | .am 831 e 61.0 |{ #28 ‘1405 65| 0028 | 1436 57
% 11406 65| ooz9| 1 57
227 .1440 85| .o032| .2 i3
228 ‘1470 78| 0032 | (1502 76
190 | 20 | UNC| .15 8.1 . 02.8 || #25 “1403 15| oo3z | sz 89
#24 .1520 70 .0032 .1862 o4
£23 "1540 66| oosz| 172 81
D ‘1562 83| ooaz| 104 75
a0 [ a2 | une |  se 83.8) .18 6.0 || §32 B 81 w2y -jem p+
#20 ‘1610 71| o032z | 182 64
J 1710 82| .0035 1734 75
28 | 26 [ uNc | an 8.1 a8 oe.7 |1 317 -J0 ol x| 1S 3
#15 11800 67| oo3s| lisss 80
16 ‘1770 84| 0035 | 1805 77
216 | 28 | UNF | a7 81| .88 6.7 |{ 513 ‘1800 B -ims a
#13 11850 67| oods| 1883 59
#14 1820 84 .0035 .1855 75
216 | 32 |UNEF| 182 83.8| .180 6.0 {213 180 8] 35| 1888 a3
12 11850 67| o035 | 125 58

Bee footnotes at end of table.
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TABLE II.A.l — Top drill sizes, Unified screw threads, classes 18 and 2B —-Continued

Ciosses 1B and 2B minor diameter, Tap drills and percent of thread
N — internal threads
Thread size| per | Desig- 1/ 1/ ] 1
. inch | netion Percent Percent ™ . Parcent™'| Probable | Probable Parcent
: Minimum - of Maximum of Dritl size of oversize, hole [
thread thread thread mean size thread
"n in n tn n tn n
#9 .1960 | 83 .0038 .1908 77
: #8 11990 7 10038 12028 73
-,250 20 UNC .106 83.1 ,207 6.2 ,{‘:’ -2010 L4 0038 2048 »
1486 12040 71 ~0038 12078 85
#5 12055 es -0038 12003 63
250 [ 28 | UNF 21 8i.1| .22 e4.7 |{ 43 s ol s B - 2
260 | 32 |UNEF| .218 83.8| .224 64.0 |'8, 2188 il oo 22 &
2% | 36 | UNB .220 83.1 .220 86.5 | #2 2210 80 .0038 12248 0
3125 18 | UNC .252 83.8 .265 65.8 |{E 2870 n 9038 2608 £
¥ 12570 85 10038 12608 80
3125 | 20 UN .258 83.9 .270 65.4 |{G -2610 79 -0041 12851 73
v H 12660 72 -0041 ‘2701 85
H .2660 86 .0041 .2701 78
ai2s| 24 | UNF .267 sa.1| .2m 65.6 [{I 2120 75 20041 2761 87
- J .2770 86 -0041 \2811 58
1 ‘2770 77 1004) \2811 8
3125 | 28 UN .274 8.0 .282 - 85.7 |{K ‘2810 68 Je042 12852 89
’ : % ‘2812 a7 .0042 12854 53
3125 | 32 | UNEF .270 82.5 .280 05.3 {5 2810 18 <204 255 14
3125 | 36 | UNs .282 84.5 .289 65.1 | 7.26 mm 2854 75 10042 2896 83
375 | 18 | UNC .307 83.8| .321 66.5 |{4 3128 Tl G0 3100 2
.35 | 20 | UN 321 83.1| .332 6.2 |{& -3230 80| 0044 34 B
31 | 24 | UNF 330 83.1| .340 64.7 § 3820 OIS v r S I +v1 n
376 | 28 | UN .336 se.1| 345 8e.7 (B -3390 13| 00w 3434 8
375 | 82 |UNEF| .31 83.8| .39 64.0 {8 3438 a 0045 3483 %
376 | 36 | UNS 345 83.1 .362 83.7 | B 3480 76 ~0045 .3525 62
4975 | 14 UNC .360 83.5 .376 6.3 |{T 3880 b4 0048 3028 a
4375 | 18 UN .370 83.1 .384 65.9 g -3780 n -o0e8 3798 n
4376] 20 | UNF .383 83.9 .395 65.4 {{ 3880 » o040 -3000 i
4375 | 28 | UNEF .39 83.0 407 65.7 | Y 11040 72 10046 62
4375 | 33 UN .404 82.5 .41 65.3 {}:4,’ -4049 8 0048 088 o
.00 | 12 | UNS .410 83.1 .428 0a.5 ({2 4130 8 e gt s
.50 | 13 | uNC 417 83.1 .434 86.0 | 1g -4219 78 10047 4208 73
500 | 16 UN 1432 83.8 ‘448 86.5 | 14 14375 77 10087 422 7
.500 20 UNF 446 83.1 4587 66.2 | ng, .4531 72 L0047 4578 -]
;500 | 28 | UNEF ‘461 841 1470 84.7 | 1og) 4688 87 10048 736 57
500 | 32 UN ‘466 83.8 474 84.0 | 19 4688 77 -0048 4738 85
.5635 | 12 UNC 472 83.6 .490 67.0 :):? -49se -4 0is 4138 &2
5625 | 16 UN 495 83.1 509 85.9 {38, 0 3000 gt s -5048 a
15000 87 -0048 15048 80
-5625 | 18 | UNF | .602 83.81 .515 65.8 |{300 -5002 78| 0048 | 5110 71
.6628 | 20 UN .508 83.9 .620 85.4 | 33 \5156 72 10048 15204 8
6625 | 24 | UNEF|  .817 84.1| .627 85.8 ({40, - 158 S oS ham és
5025 | 328 | UN 524 83.0| .52 85.7 |{gB0es 8312 L B+ &
.5625 | 32 UN .520 82.5 .538 86.3 | g 5312 77 10049 -5381 65
62 | 11 UNC 527 83.0 .548 6.9 | g .5312 79 .004¢ .5361 75
-635 | 12 UN .535 83.1| (553 06.5 | ug -5469 72 20049 15518 88
63 | 16 | UN 867 8.8\ .om 06.5 {5587 3087 % | ook §730 e
625 | 18 | UNF | .565 83.1| .678 65.1 [{§9:007 -302 871 91 I 41
02 | 2 UN .571 83.1 .582 e6.2 | Vg 15781 73 10049 15830 85
635 | 24 |UNEF| .580 83.1| .50 64.7 {5 -8l 87| ool -3¢ 4
625 | 28 UN .586 84.1 .505 84.7 | 1% "5938 67 16048 15687 57
8% | 32 UN 2501 3.8 1590 84.0 | 1% 15938 71 .0040 5987 85
Bee footnotes at ond of table.
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TABLE IX.A.1 —Tap drill sizes, Unified screw threads, classes 1B and 2B —Continued

Ctaasos 18 and 28 minor diemeter, Tap drills end porcent of thread
rood . internal threads
Threcd slze mpor ° 0::}0' 7 37
inch | nation P (e [2 [t P ¥ | Probol P
Minimum erg?n Maximum org?n Orltl sko ":?h ov%mbi‘:, Pr,?g:bb "3?“ '
throod thrcad throad mecn size threcd
in n 1] n 13 in in
6875 | 12 UN .697 83.6 .615 67.0 {;:& Sase 24 ot Sos7 g‘g
8875 | 16 UN .620 83.1 .634 65.9 |55 16250 77 .0050 X 71
68751 20 UN .633 83.9 .645 65.4 | ig .6408 72 .0050 . 85
6875 | 24 UNEF .842 84.1 .652 65.68 | «g 16406 87 0030 16458 77
.6875 UN .848 83.0 .057 65.7 | ng .6562 67 .0050 .6612 57
6875 | 32 UN .654 82.5 .681 85.3 | ng .6562 77 -6050 .6612 85
.750 10 UNC .842 83.1 .63 7.0 ;::2 S 4] 1] 545 b
g .8362 87 -0050 L6812 82
70 | i | one | e | me| e | ees |l el m)o@e) um)| s
1750 UNEF 698 83.1 707 66.2 | ng -7031 72 -0051 .7082 84
.750 28 UN .71 84.1 .720 64.7 | 1g .7188 67 0051 7230 56
.750 32 UN 718 83.8 L7124 64.0 | ng 7188 77 .0051 7239 84
8128 | 12 UN .722 83.6 .740 67.0 | = 7344 72 . .7
g123 | 16 UN 745 83.1 .59 65.9 yf' 7500 77 gggzle .722% ‘7‘3
8125 UNEF .738 83.9 .770 65.4 | g 7 72 .0052 -7708 64
8125 | 28 UN 774 83.0 .782 85.7 | ug L7812 67 -0052 .7864 56
8125 | +32 UN 779 82.5 .785 65.3 | ng 7812 77 .0052 .7854 88
.875 o UNC .755 83.1 778 87.2 ;::g ;gsg g? 882; ;x g
. .785 } . ) .781 . .
875 12 UN 85 83.1 803 66.5 nz ‘-7,328 32 %23 .%’ %
875 14 UNF .708 83.0 .814 85.7 0.8024 8024 78 6052 jsmé 73
.875 16 UN .B07 83.8 .821 66.5 ‘5',2 '2}% ?; :0052 :3}3-3 %
.875 UNEF .821 83.1 .832 66.2 | ag 8281 72 .0054 .8335 84
.875 28 UN .836 84.1 845 8.7 | ng 8438 67 0055 8493 585
.85 32 UN .841 83.8 .B49 84.0 | ng 8438 77 .0055 .8493 63
9315 | 12 UN 847 83.6 .885 67.0 {:}ﬁ -gggf g; -%:Z:.? '%% g;
6375 16 UN .870 83.1 .884 65.9 % 8750 77 -0057 -8807 70
8375 | 20 | UNEF .883 83.9 .895 65.4 | irg ' 8906 72 10058 .8885 63
L9375 28 UN .899 8¢ 807 65.7 | mg L8082 87 L0080 .9122 55
9375 32 UN N s2.5 .81 65.3 | mg 9062 77 0080 .9122 62
1.000 8 UNC .885 83.1 .80 67.7 '1’2" Bgoe 24 -gose 833 &
LA . . .
n .8052 87 -0080 0122 81
1.000 12 UNF 910 83.1 .928 68.5 |{e R4S g g e 3
1.000 1% UNS 23 83.0 .p38 66.8 {1 9218 A <9980 R4 s
1.000 16 UN .932 83.8 848 68.5 | ing, 9375 77 .0082 18437 69
1.000 UNEF .948 831 .957 66.2 | ug ‘9531 .
1.000 UN .961 8¢.1 .970 69.7 | ug ‘9688
1.000 32 UN .866 83.8 974 66.0 | ng {9688
", .9219
1.0325 8 UN 927 83.4 $52 68.0 o'_égzu ,8274
1 .6375
1.0825 | 12 UN 972 83.8 980 67.0 :}2 Hose
1.0625 16 UN 993 83.1 1.009 65.9 [} 1.0000
1.0625 ] 18 | UNEF| 1.002 83.8 | 1.018 65.8 | 1 1.0000
1.0823 20 UN 1.008 83.9 1.020 63.4 | 11 1.0156
1.0825 | 28 UN 1.024 83.0] 1.032 85.7 | 1ig 1.0312
1.128 7 UNC .970 83.5 988 68.¢ {:}é -Sose
1.125 8 UN .980 83.1 1.015 67.7 |1 1.0000
1.125 12 UNF 1.035 83.1 ) 1.083 86.5 {}::2 }-ﬁég
1.125 18 UN 1.057 83.8| 1.071 66.5 | 104, 1.0625
1225 | 18 | UNEF| 1.085 8.1 | 1.078 es.1 [{18 1.082
1.125 20 UN 1.071 83.1 1.082 66.2 | 134 1.0781
1.123 28 UN 1.088 84.3 1.095 64.7 | 1ig 1.0938
1.1875 UN 1.052 83.4 1.077 68.0 | 144 1.0625
1.1873 | 12 UN 1.097 8.6 1.118 67.0 | 1%4 1.0038
1.1875 | 16 UN 1.120 83.1 1.134 85.9 | 13§ 1.1250
Ligrs | 18 |UNEF| 107 8.8| 1.140 0s.8 |{13% 1.12%0
1.1875 | 20 UN 1.133 83.0 | 1.145 65.4 | 1% 1.1406
11878 | 28 UN 1.149 B3.0 | 1.157 85.7 | 184 1.1562
1.250 7 UNC 1.005 83.5] 1.123 68.6 1';2 1.0038
1.250 8 UN 1.118 8.1 1.140 67.7 | 1 1.1250
1.250 | 12 | UNF | 1.160 83.1 | 1.78 8.5 [} 1-1502
1.250 16 UN 1.182 83.8 1.108 66.5 | 146 1.1875
1.250 [ 18 [UNEF| 1.180 83.1] 1.203 es.1 [{1ie 13873
1.250 20 UN 1.186 83.1 1.207 66.2 | 1'ig 1.2031
1.250 28 UN 1.21 841 1.220 84.7 | 15 1.2188

8ee footootes ot end of Lable.
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FED -STD-H28/2A

TABLE TI.A.1 — Tap drill sizes, Unified screw thr_eods, closses 1B and 2B — Continued

Classes 1B and 2B minor diameter, Tap drills ond percent of thread
Thréuds . interna! threads
Thread size] per Desig - 3 1 1]
inch | nation Percent Percent . Percanf” { Probable | Probable |Psrcent
Minimum of Maximum of Drill size of oversize, hole [
threod thread thread | meon size thread
in n in k¢ n
14 1.17119
1.3125 8 UN 1.177 83.4 | 1.202 68.0 1 BU
. 1% 1.
1.3125 | 12 UN | 1.222 83.6 | 1.240 67.0 [{1/& 12188
1.3135 | 16 UN 1.245 83.1 | 1.259 65.9 | 134 1.2500
1.3125 | 18 | UNEF | 1.252 83.8 | 1.265 65.8 {114 1.2500
1.3125 | 20 UN 1.258 83.9 | 1.270 65.4 | 1174 1.2656
1.3125 | 28 UN 1.274 83.0 | 1.282 65.7 | 1% 1.2812
’ ' 134 1.1875
1.375 6 UNC | 1.195 §3.1| 1.225 69.3 |{11% . 1.2031
b | e
5 11054 1.
1.375 8 | UN 1.240 83.1| 1.265 67.7 14 13358
1.375 12 UNF | 1.285 83.1| 1.303 86.5 {118, 1.2812
1.375 16 UN 1.307 83.8 | 1.321 66.5 | 1% 1.3125
1.375 | 18 | UNEF | 1.315 83.1| 1.328 65.1 |{17 1.4
1.375 20 UN | .1.321 83.1| 1.332 66.2 | 17 1.3281
1.375 28 UN 1.336 84.1| 1.345 4.7 | 11tg 1.3438
14375 | 6 | UN | 1.257 83.4 | 1.288 69.1 {14 1.38%
14375 8 | UN | 1.302 83.4| 1.327 68.0 |{}.5 - 12099
14375 | 12 UN 1.347 83.6 | 1.365 87.0 {1242 1.3438
‘1.4375 | 16 UN 1.370 83.1 1.384 85.9 | 13 1:3750
14375 18 | UNEr| 1.377 838 '1.390 85.8 | 13 1.3750
1.4375 20 UN 1.383 83.9 1.395 85.4 | 13% 1.3908
1.4375 | 28 UN 1.399 83.0 | 1.407 85.7 | 113g 1.4062
5, K
1.500 uNc | 1.320 83.1| 1.350 69.3 |11 1.5328
. ) C L g 1.3504
1.500 8 UN 1.365, 83.1 | 1.390 67.7 |{12] 1.5750
1.500 | 12 | UNF | 1.410 83.1| 1.428 66.5 ({122 1.4082
1.500 | 16 UN 1.432 83.8 | 1.446 66.5 | 124 1.4375
1.500 18 UNEF 1.440 83.1 1.452 66.5 | 14 1.4375.
1.500 20 UN 1.446 83.1 | 1.457 86.2 | 17 1.4531
1.500 28 UN 1.461 84.1] 1.470 84.7 | 1154 1.4688
| 25
1.5625 | 6 UN 1.382 83.4 | 1.413 69.1 |{1ieg 1.2008
174 1.4219
1.5625 8 UN 1.427 83.4 1.452 88.0 14 1.4375
: 18,
1.5625 12 UN 1.472 83.6 1.490 67.0 }ujé };2822
1.5825 18 UN 1.485 83.1 1.500 65.9 | 1% 1.5000
. 134 1.5000
1.5625 | 18 | UNEF | 1.502 83.8 | 1.515 55.8 |{13%, 1.5158
1.5625 20 UN 1.508 83.9 1.520 85.4 | 13% 1.5156
) 125, 1.4531
1.625 6 UN 1.445 83.1| 1.475 69.3 115 1 4a88
1.625 8 UN 1.480 83.1| 1.515 87.7 [{1 14818
1625 | 12 | UN | 1.535 83.1| 1.553 86.5 ||1:58 ot
1.625 16 UN 1.557 83.8| 1.571 8.5 | 1% 1.5625
1.625 | 18 | UNEF | 1.565 83.1| 1.578 85.1 [{14% 1.5628
1.625 20 UN 1.571 83.1| 1.582 66.2 | 1% 1.5781
1% 1.
1.6875 6 UN 1.507 83.4| 1.538 60.1 |{13%g 1.5158
1ig 1.5312
1.6875 8 UN 1.552 83.4 | 1.577 68.0 | 1% 1.5625
1.6875 | 12 UN | 1.507 83.6 | 1.815 67.0 {108 1.50%8
'1.6875 ] 16 UN-" | 1.620 83.1 | 1.634 85.9 | 155 1.6250
1.6875 | 1¢ | UNEF | 1.627 83.8 | 1.640° e5.8 |{1% 1.8250
1.68875 20: UN" 1.833 83.9 1.645 85.4 | 14g 1.6406
Y 14 1.5312
1.750 5 UNC | 1.534 83.1] 1.568 70.1 (Lt 1.8812
, 1% 1.5625
1.750 o UN 1.570 83.1| 1.600 89.3 |{197¢ 1.5781
: 1% 1.5938
: 196 1.6004
1.750 8 UN 1.615 83.1| 1.640 67.7 |{154 1.6250
|
1 .
1.750 12. UN 1.660 83.1| 1.678 66.5 |{1is2 1.6562
1.750 | 16 UN 1.682 83.8 | 1.606 66.5 | 114 1.6875
1.750 20 UN 1.696 831 | 1.707 86.2 | 14 1.7031
See footnotes at end of table.
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FED-STD-H28/2A

TABLE II.A.1 —Topdrill sizes, Unified screw threads, closses 1B ond 2B — Continued

Classes 18 ond 2B minor diometer,
internol threcds

Taop drlll and percent of thread

Threod size T?;%eds S:::gn- 1/ \/ 1 1/
inch P ¥ P m Percent™" | Probadl Pearcpnt =
Minimum | ot |Moximum | of Drill size T | oversize, | Bols o
throad threod threcd megn size thread
in in n 156 in ‘.2250
1.8125 ! UN 1.632 83.4 | 1.663 80.1 [{1ig 1.6408
| g 1.6562
1825] 8 | UN | 1.677 83.4 | 1.702 68.0 {1 1-g119
1s2s| 12 | UN | 1722 83.6 | 1.740 e7.0 ({17 11188
a5 18 | uN | 176 83.1 | 1.750 85.9 | 1% 1.7500
18125 | 20 | UN 1.758 86| 1.770 85.4 | 15 1.76%6
1.875 6 | UN | 1.5 83.1| 1.725 69.3 {136 1.7081
1.875 8 | uN 1.740 83.1| 1.765 67.7 |§f 1.7500
1675 | 12 | UN | 1.785 83.1| 1.809 06.5 [{}si2 1.7812
185 | 18 | un | 1.807 83.8] 1.821 66.5 | 113g 1.8125
1855 | 20 | UN | 1ls: 81| 1.832 6.2 | 1u¢ 1.8281
1.0375 | © UN 1.757 s.4] 1.78 89.1 i‘::,g 1.78%¢
10355 8 | uN | 1802 83.4 | 1.827 68.0 {:ﬁ 1.3589
10875 | 12 | UN | 1.8 83.6 | 1.865 e7.0 |{1i® 18438
1.875| 16 | un | 1.870 83.1| 1.884 85.0 | 134 1.8750
19375 20 | un | 1lss3 3.9 | 1.895 85.¢ | 10 1.8906
2.000 | 4.5 | unc | 1739 83.5| 1.785 71.0 | 136 1.7812
2.000 s [ uv [ 1820 8.1 1.8%0 60.3 |{1né 1.8
2.000 8 | uN | 1.888 83.1| 1.8%0 67.7 | 13 1.8750
2.000 12 UN 1.810 83.1| 1.928 8.5 |{1i8 1.5002
200 | 18 | UN 1.932 83.8 | 1.848 gg.5 | 1vg 1.0375
2000 | 20 | UN | 1le46 831 | 1.957 66.2 | 19 1.9531
2.0625| 16 | uNs | 1.e05 83.1| 2.009 65.0 | 2 2.0000
2205 | 6 | uN | 1646 g1 1.7 60.3 {36 R
2.125 8 | uN 1,690 83.1| 2.0 67.7 |2 2.0000
2123 | 12 | uN | 2038 83.1 ] 2.083 66.5 | 214 20312
2125 | 18 UN | 2087 83.8| z.om .3 | 214 2.0625
2128 | 20 | UN | 2lo7 831 ] 2. 8.3 | 204 2.0625
20875 | 16 | UNS | 2.120 83.1| 3.13¢ 8s.9 | 25 2.1250
2.250 | 4.5 | uNC | -2.000 8.5 | 2.045 7.0 {3 20000
2,250 8 | un | 201 83.1| 2.100 69.3 | 2. 2.0625
2.250 8 | UN | 215 831 2.140 87.7 | 2 211250
2,250 12 UN 2.160 83.1 2.178 66.5 | 2% 2.1563
2:250 | 16 UGN | 2182 838 | 2198 68.5 | 2% 21875
2.250 | 20 UN | 20186 831 | 21207 66.2 | 2% 2.1875
2.2125| 18 | UNS | 2.245 83.1| 2.250 8.9 | 2% 2.2500 L FOUSUUNOR IURSPUE
2.875 6 | uN | 2.0 83.1] 2.22 6.8 |2 2.1878 | 87 |eececemcicfommcennand]eeienn.,
2375 8 | uN | 2:200 83.1| 2.285 1.7 |2 2.2500
2315 | 13 UN | 2288 83.1 | 2.303 88.5 | 56 mm 2.2835
2375 | 18 | oN | 2307 83.8 | 2.321 8.5 | 3% 2.3123
2335 | 20 | UN | 203 83.1] 2332 86.2 | 24 23133
2.4375| 18 | UNS | 2.370 83.1| 2.8 8s.9 | 23 2.3750
2.500 ¢« | unc | 2.2 83.4 | 2.207 n.7 |{Z; 2.2188 a
2.500 13 URN 2.320 83.1 2.350 69.3 2"/2 2.3125 87
2500 8 | uN | 238 8311 | 2.3%0 67,7 |2 2.3750 77
2.500 12 UN 2.410 83.1 2.428 68.5 | 21%4 2.4062 87
2300 | 16 | UN | 2432 838 | 2448 6.3 | 234 2.4375 7
250 | 20 | UN | 2.e46 83.1| 2457 66.2 | 2% 214375 86
2.625 s uN | 32384 83.4| 230 7.7 |06 2.3438 8
2.625 6 uN | 2.4 3.1 2.4 69.3 | 27 2.4378 87
2625 8 | UN | 2490 831 | 2.5 87.7 ng 25000 77
2625 [ 12 | UN | 2.5 83.1| 258 86.5 | 2ig 25312 87
2.625 | 16 UN | 21887 83.8| 257 66.5 | 2% 2.5625 77
2.625 | 20 UN | 2ism 831 2583 66.2 | 2% 215625 96
2.750 a | UNC | 2.7 83.4| 2.517 7n.7}2 2.5000 77
21750 e | un | 210 831 | 2600 89.3| 2tg 2.5828 &
2.750 8 | ON | 265 831 | 2840 87.7 | 25¢ 26250 77
2750 | 12 | UN | ales0 831 | 2678 86.5 | 20 2.6563 87
2750 | 16 UN | 2682 83.8| 2.608 66.5 | 2wg 2.6875 77
275 | 20 | UN | 2688 81| 2707 66.2 | 21ig 26875 )
See footnotes st end of table.
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“TABLE TI.A.1 - Tap drill sizes, Unified screw threads, closses 1B and 2B ~Continued

Classes 1B ond 2B minor diometer, Tap drill and percent o)‘ thread
Threa&s internal threads . ’
Thread size| per |Desig— 1/ 7] ] i/
H § - ad Per Probgble Probable | Percynt
inch nation Minimum Per:?n t Maximum Poran' Drill size (;?n ovars?ze, hole o?
Thread Thread Thread mean sl Throod
n in in ) in o P
2.875 4 UN 2.604 83.4 2.642 71.7 | 2% 2.6250
2.875 6 UN 2.695 83.1 2.725 69.3 | 21L4 2.6875
2.875 8. UN 2.740 .83.1 2.765 67.7 | 2% 2.7500
2.875 12 UN 2.785 83.1 2.803 66.5 | 204 2.7812
2.875 - 18 UN 2.807 83.8 2.821 66.5 | 2134 2.8125
2.875 20 UN 2.821 83.1 2.832 66.2 | 213 2.8125
3.000 4 UNC 2.729 .4 2.767 71.7 | 2% 2.7500
3.000 [ 2.820 83.1 2 69.3 | 2135 2.8125
3.000 8 UN 2.865 83.1 2.8490 67.7 | 22% 2.8750
3.000 12 UN 2.910- 83.1 2.928 66.5 | 74 mm 2.9134
3.000 16 UN 2.932 .8 2.946 66.5 | 2134 2.9375
3.000 20 UN 2.948 83.1 2.957 66.2 | 213 2.9375
3.250 4 UNC 2.979 83.4 3.017 71.7 |3 3.0000
3.500 4 UNC 3.229 83.4 3.267 71.7 | 3% 3.2500
3.750. 4 UNC 3.479 P 83.4 3.517 1.7 | 34 3.5000

17 100% of thread = 0.75H ( se0 20.2.3).

TABLE IL.A.2 — Tap drili sizes, Unified screw threads,closs 38

Class 3B minor diameter, interncl threads ) Tap drill and percent of thread
Thread size Th;‘oord‘v ?\:::gn‘ - 17 EY;
inch | Percent P § Percent | Probable | Probable | Percent
Minimum "of‘ Maximum ":f " Dritl size rof " overaz:. hols of
Thread Thread Thread mean size Thread
in in in in in in in
060 | 8 | UNF| 0.0465 83.1| 0.0514 52.9 {,15‘56 0.0465 8| 00015 0.0480 [
.073 64 UNC .0561 83.3 0623 s2.7 |[£54 g - B 018 -os8s 23
073 | 72 | UNF .0580 83.1 .0635 52.7 ({53 0508 © ot G0 4
#51 .0870 82 .0017 0887 75
.086 56 UNC .0867 83.2 .0737 53.0 |{ #50 10700 69 .0017 0717 62
_ : #49 . 0730 5 | .0017 0747 49
.08 | 6¢ | UNF .0801 |  83.3 .0753 52.7 [{ $30 onoo o ot Ry n
#48 0760 85 .0019 0779 78
‘ % .0781 7 -0019 -0800 70
.099 48 UNC .0764 83.5 L0845 53.8 |{ #47 10785 76 -0019 -0804 8¢
S #46 10810 67 -0019 0829 60
#45 0820 63 10019 0839
. i #48 0810 78 .0019 0820 69
099 | 56 UNF L0797 '83.2 .0865 53.9 {#45 0820 73 10019 0839 85
#44 0880 58 10019 0879 48
#44 0860 80 .0019 0879 74
-112 40 UNC .0849 83.4 0939 55.7 |{ $43 9890 1 9020 o310 8
D 0938 56 10020 0958
. . ) ) 43 -0890 85 10020 10010 78
-n UNF | 0894 83.5 | .0968 56.2 |{ 42 -Do3s 6s| .Goz0| .02 o
#41 0060 59 .0020 0980 52
#40 .0980 83 .0023 .1003 78
.125 40 UNC .0979 83.4 .1062 57.9 |{ 39 : o8 4 o023 o8 n
) #37 1040 65 -0023 1063
#38 11015 80 .0023 ‘1038 72
125 44 UNF .1004 .83.3 .1079 57.9 || #37 1049 71 .0023 11063 63
: #36 1065 63 10023 1088 55
#37 1040 84 .0023 1063 78
. , : 238 11085 | 78 .0023 -1088 72
.138 32 UNC .1040 83.8 .1140 59.1 | {5 -108¢ b 0028 12 e
: #34 1110 67 0026 1136
#33 1130 82 0026 55
#34 1110 83 10026 1136 75
.138 40 UNF .1110 83.1 .1186 5¢.7 |{ #33 11130 77 10026 .1156 9
‘ #32 1160 68 0026 1188 80

Bee footnotes at end of table.
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TABLE II.A.2 — Tap drill sizes, Unified screw threods, closs 3B -continued

Closs 38 minor diameter, interna! threads Top drill and percent of thread
T
Threod size | "pere | Desig - 7 N/ Y
inch | "otion Percent™ Percant™ Percent | Probable | Probabls | Percent
Minlmum of Mozimum of Drill sire ot oversize, hole of
Threod Threcd Threod mecn size Threod
in in n in n in n
.184 32 UNC .1300 83.8 .1389 81.8 | 220 .1360 69 .1389 82
220 -1360 7 0020 1388 70
.164 38 UNF .1340 83.1 .1418 62.1 |{ #28 11405 65 1434 57
% -1408 65 0029 $1435 57
#27 .1440 85 0032 1472 19
. 22 .1470 7 .6032 21502 74
150 24 UNC .1450 84.1 1535 63.7 |{ #23 21495 75 -0032 1527 69
#24 11520 70 .0032 ‘1552 | 84
£23 1540 66 0032 1572 61
o ) omel M o#
. - o o 1] . . -
JA80 | 32 UNF .1360 83.8 .1841 63.8 |1 522 jans 8 -g0s 1602 3
#20 i 1610 7 .0032 .1842 64
";&7 ' 171‘8 82 %gj .17345 Zg;’
. > 55 ] 173 79 . 3 17
.216 | 24 | UNG 1710 83.1 -1807 6.2 f{ 412 130 L4 -0 1788 3
#15 67 -6033 .1835 &0
1 nel R @ e 2
.216 28 UNF .1770 84.1 .1837 65.3 [{ 415 1800 i Rt 1533 n
413 1850 v .0035 .1885% it
HH o8 | el o
e . . b . ']
.216 | 32 | UNEF .1820 83.8 .1895 63.3 1] 1850 n o Rt R o
(912 1840 67 0035 .1923 58
9 .1960 8 .0038 {  .1998 77
’3 -1990 1 “6o38 ‘2028 73
5 : ‘201 5 -0038 2048 7
250 | 20 UNC -1860 8.1 .2087 6.7 |{ 2 2010 n 008 2048 o
20 12040 1 .60as -2u78 85
el 8| mm owM| g
; .21 . .
.250 28 UNF .2110 84.1 2140 06.8 t}: zis8 6 st ‘2280 5
.250 | 32 | UNEF .2160 83.8 .2229 4.8 {7, -2188 a -o0ss 38 14
F L2570 77 .0038 .2608 72
Bz 18 UNC .2520 83.8 .2630 8s.6 |IF. 3570 I Sass -2608 e
F ‘2570 85 ‘0038 .2608 80
3125 20 UN .2580 3.9 .2680 68.3 [{G 12810 79 .6041 .2851 73
i e | s G@u| 2o 7
3125 [ 2 UNF .2670 8.1 .2754 66.5 ({] 2680 5 ‘oo it &
2125 28 UN .2740 83.0 .2807 68.5 | J 2770 b 20041 231 8
3125 | 32 | UNEF| .2700 82.5 |  .2847 63.5 [{X. 2010 L ot I &
¢ 3 .3125 77 .0044 .3169 72
315 | 18 | UNC .3070 83.8 3182 70.0 & s LN I v B 1 &t
315 | 20 UN .3210 83.1 3207 69.7 | I 3230 80 ‘0044 3774 73
318 | 2 UNF .3300 83.1 .3372 .8 g 3320 79 “0014 -3384 71
315 | 28 UN .3360 84.1 .3428 69.8 3390 7 10044 13433 68
A1 | sz | UNEY 3410 83.8 3468 6.2 | 1 3138 i 20045 3683 8
375 : : 7 .3580 86 .0048 .3826 81
4375 | 14 UNC .3600 83.5 ang 70.9 ];“ o 2 s 13639 i
- ’ .3 7 . R
4375 | 18 UN .3700 83.1 .3800 70.8 ¥ 370 ;5 ‘%mg 58 &
NF .1860 9 . .
4375 20 | UNF .3830 83.9 .3916 70.7 (”“ -850 L oo 7] -
4375 | 28 | UNEF .3980 83.0 .4051 69.8 | v .4040 12 0016 4038 62
: -4040 .
4375 | 32 UN .4040 82.5 .4094 ev.2 ({}_ -4040 & 0546 e &
N % 4130 80 0047 4177 ()
.500 12 i UNS 4100 83.1 4223 .8 it 430 8 por P &
.500 13 UNC .4170 83.1 4284 n.7 | 4219 7 0047 -4268 73
.500 16 | UN .4320 83.8 .4410 71.6 § 1y 4375 77 0047 4422 n
300 | 20 | UNF 4460 831 -as37 71.3 | ™ .453) 7 0047 14578 65
500 | 28 ! uNEF .4610 84.1 -4676 69.8 | 11.8 mm .4848 76 0047 {4683 8
500 | 32 eN .4680 83.8 Rt 69.2 | 1 .4688 77 0048 4736 65
; , .4688 87 .0048 .4736 82
.5625 1 12 UNC 4720 83.6 .4843 72.2 {,,‘,‘ -48s8 & O0ie “atos s
5625 | 18 UN 4950 83.1 .5040 72.1 -5000 77 0048 5048 u
5 Y .
5625 | 18 | UNE .5020 s3.8| .5108 1.0 ({80 -3 81 sl 3no n
.5625 | 20 u .5080 83.9 .5162 7.3 | 0 3136 72 0048 3204 6
.825 | 24 IUNEF| .5170 84.1 | .a244 70.4 {1090, -31% 81 Sust a2 69
5625 | 28 UN .5240 84.0 .5301 69.8 | 0.5263 .5263 78 0049 ‘5312 67
.5625 | a2 UN .5280 82.5 15344 69.2 | 15 -t 77 0049 .5361 s
Seefnotmmnendo_fnble.
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TABLE IL.A.2 — Tap drill sizes, Unified screw threads, class 3B - continued

. Class :3B min&r diameter ,internal threads Tap drill and percent ot thread
Thread size | par > |Desig- 17 17 i 1
inch | nation | Percent | Perceni” 5 Percent | Probable | Probable | Perceni
. . Minimum .. of Maximum . of Delll size of oversize, hglo of
Thread Threod Thread mean size Threod
in in _ in N in in in n . _
.625 11 UNC .5270 83.0 15391 72.7 ,;2 5t I Q040 5361 |- g
625 12 UN 15350 83.1 15463 727 | ;% -2ase 2| g0 318 88 .
625 | 16 | UN -5570 83.8 5682 24 )i .5625 87| 0049 |  .5674
1625 18 UNF -5650 83.1 5730 72.1 {0 5687 3625 8 0049 ser4 80
625 20 UN - .5710 83.1 5787 71.3 | @ -5781 72 0049 5830 65
5 5781 87 0049 78
.625 24 | UNEF .5800, 83.1 5869 70.4 |{g%g08 It 5 P -3830 i
.625 28 UN .5860 84.1 5926 69.8 | 0.5828 .5828 91 0049 5877
1625 32 UN 15910 83.8 5969 69.2. | %% .5938 77 0049 5987 65
6875 | 12 UN .5870 83.6 6085 73.0 | 4 5038 87 0049 5987 82~
6875 | 16 UN 16200 83.1 6284 72.8 | % 8250 77 0050 6300 7
6875 | 20 UN -6330 83.9 8412 71.3 | & 8406 72 0050 6456 85
‘6875 | 24 | UNEF 16420 841 | .6494 70.4 | 4 .6406 87 10050 16456 77
8875 | 28 UN 16490 | 83.0 16551 69.8 | 16.5 mm -6496 82 10050 16546 7
6875 | 32 UN 18540 82.5 6504 69.2 | 4 6562 77 .0050 6612 85
.750 10 UNC .6420 83.1 .6545 73.5 | U .6406 84 .0050 6456 80
-750 12 UN -8600 83.1 16707 73.3 | %4 .8562 87 .0050 .6612 82
.750 16 UNF -6820 83.8 16908 72.9 | Mg 18875 77 -0050 .6925 7
.750 20 | UNEF -6980 83.1 -7037 71.3 | %4 -7031 72 -0051 .7082 64
1750 28 | uUN “7110 84.1 7176 69.8 | 18 mm -7087 89 0051 | .7138 78
.750 32 UN 17160 83.8 7219 69.2 | g '7188 77 0051 17239 684
8125 | 12| UN .7220 83.8 .7329 73.5 | 18.5 mm .7283 78 .0051 .7334 73
88O ) B w5 1A 1R 1
‘8125 | 28 UN 17740 | 83.0 17801 60.8 | 19.75 mm 7776 75 10052 .7828 64
‘8125 | 32 UN -7790 82.5 7844 69.2 | *4 .7812 77 10052 7864 64
875 9 UNC 7550 83.1 L7681 74.1 | 44 .7656 78 0052 .7708 72 ,
875 12 UN 7850 83.1 17952 737 | %4 7812 & .0052 .7864 82
875 | 14 | UNF 7980 83.0 |  .8068 73.5 |{5 %024 S 84| ooz B0 »
e | uNer| 800 S| ez 29 e 8281 1 0o | 8 o
875 28 UN 8360 84.1 8426 |  69.8 | 21.25mm 18366 83 -0054 -8420 71
.875 32 UN 8410 83.8 8460 69.2 | 4 .8438 77 .0055 .8493 63
9375 | 12 UN 8470 83.6 .8575 73.9 | 74 .8438 87 .0055 .8493 81
w8 BD) B BOA | mel @ @ w8
9375 | 28 UN 8990 83.0 |  .9051 89.8°f 22.75 mm -8957 90 | 0060 | 8017 7
9375 | 32 UN 9040 82.5 9094 89.2 | P4 19062 77 10060 9122 62
1.000 8 | UNC | .8650 83.1 8797 74.1 ({3 3598 .14 008 885 4
1.000 12 UNF .9100 83.1 [ .90198 1.1 | g : -9062 87 -0080 9122 81
1.000 | 14 | UNS .9230 g3.0| .315|  73.8 |{7%50, -9a1e 84 0000 o8 8
1.000 16 UN .9320 83.8 .9408 72.9 | 154 : -9375 77 -0062 19437 69
1.000 20 | UNEF 19460 831 19537 71.3 | -9531 72 .0063 19504 63
1.000 28 UN -9610 84.1 -9676 - 690.8 | 24.5 mm .9645 77 10064 .9708 63
1.000 32 UN -9680 838 .9719 69.2 | Mg 9688 77 10085 9753 61
’ 5, 9219 87 .0080 .9279
1.0625 8 UN 9270 83.4 9422 74.1 |10 /{9274 g214 83 0001 9335 7
1.0625 [ 12 UN .9720 83.6 .9823 74.1 | Y@ 9688 87 -0085 9753 81
1.0625 | 18 UN -9950 83.1 | 1.0033 72.9 | 1 1 77 0060 | 1.0069 88
1.0825 | 18 | UNEF | 1.0020 83.8 | 1.0105 721 | 1 1.0000 87 0080 | 1.0089 77
1.0825 | 20 UN -0080 83.9 | 1.0162 71.3 | 114 1.0158 72 0070 | 1.0226 61
1.0625 | 28 UN 1.0240 83.0 | 1.0301 89.8 [ 114 1.0312 67 0071 | 1.0383 52
1.125 7 | UNC .9700 83.5| .9875 4.1 (8 - 5% 84| 0002 -390 %
125 |- 8 UN .9900 83.1 | 1.0047 74111 1. 77 0089 | 1.0080 73
1.125 .| 12 UNF | .1.0350 83.1 | 1.0448 74.1 | 14 1.0312 87 0071 | 1.0383 80
1.125 18 UN 1.0570 83.8 | 1.0858 | © 72.9 | li4 1.0625 77 0074 | 1.0699 68
1.125 18 | UNEF | 1.0650 8371 | 1.0730 72.1 | 1% 1.0625 Y 3 FUURO SN PR
1.125 20 | UN 1.0710 83.1 | 1.0787 71.3 | 1% 1.0781 F P31 PO RSN U
1.125 28 UN 1.0860 84.1| 1.0926 69.8 | 134 1.0938 67 |o il e
1.1875 8 UN 1.0520 83.4 | 1.0672 74.1 | 114 1.0625
1.1875 | 12 UN 1.0970 83.6 | 1.1073 74.1.| 1% 1.0938
11875 | 18 UN. | 1.1200 83.1| 1.1283 72,9 | 114" 1.1250
1.1875| 18 | UNEF| 1.1270 83.8 | 1.1355 721 [ 1 1.1250
1.1875 | 20 uN’ 1.1330 83,91 1.1412 71.3 | 1% 1.1406
1.1875 | 28 UN 1.1490 83.0 | 1.1551 89.8 | 29.25 mm 1.1516
1.250 7 UNC 1.0850 83.5 | 1.1125 74.1 | 1% 1.0038
1.250 g | UN 1.1150 83.1 | 1.1297 741 | 114 1.1250
1.250 12 UNF 1.1600 83.1| 1.1608 74.1 | 15 1.1562
1.250 18 UN 1.1820 83.8| 1.1008 72.9 | 144 1.1875
1.250 18 | UNEF | 1.1900 831 | 1.1980 7201 | 134 1.1875
1.250 | . 20 UN 1.1960 83.1 | - 1.2037 71.3-| 113 - 1.2031
1.250 28 UN 1.2110 81| 1.2178 60.8 | 30.75 mm 1.2108
See footnotes at end of table. '
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TABLE II.A.2 — Tap drill sizes, Unified screw threads, closs 3B -continued

Closs 38 minor diometer, intemal threads Top drill and percent of threod
Threod size ﬂ“wm' Desig - v/ 1V; . J/
inch | natlon Percent™ Peorcent™ Percen] Probable Probable | Percent
Minimum of Mazimum of Orill size of oversize, hote of
Threcd T hread Threod mean glze Threod
n 1] n " n \'n7
1.3125 8 UN 1.177 83.4| 1.1022 4.1 {14 AT
1.3125 | 12 UN 1.2220 83.6 | 1.2323 74.1 | 17 1.2188
1.3125 | 18 UN 1.2450 83.1 1.2533 72.9 1{? 1.2500
1.3125| 18 | UNEF | 1.2520 83.8 | 1.2605 721 | 14 1.2500
1.3125 ] 20 | UN 1.2580 83.9 | 1.2662 71.3 | 1ivg 1.2658
1.3125 | 28 UN 1.2740 83.0 | 1.2801 69.8 | 32.5 mm 1.2795
L)
1.375 6 | uNc| 1.es0 83.1 1.2148 1. [(1 1.1818
. 11, 1.2364
1.375 8 UN 1.2400 83.1 1.2547 76 |{} e
1.375 12 UNF 1.2 83.1 1.2048 76.1 | 134 1.2812
1.375 18 UN 1.3070 83.8 | 1.3158 72.9 | 1% 1.3125
1.375 18 | UNEF; 1.3150 83.1 1.3230 72.1 | 1% 1.3125
1.375 UN 1.3210 83.1 1.3287 71.3 | 195 1.3281
1.375 28 UN 1.3360 84.1 1.3428 69.8 | 3¢ mm 1.3388
1.4375 6 UN 1.2570 83.4 1.2771 74.) | 1 1.
. 1196 1.2969
1.4375 8 UN 1.3020 83.4 1.3172 74.1 {1 18128
1.4375 ] 12 UN 1.3470 83.6] 1.3573 76.1 | 11 1.3438
1.4375 1 16 UN 1.3760 83.1 1.3783 72.0 | 134 1.3750
1.4375}1 18 | UNEF |} 1.3770 83.8 1 1.3855 72.1 | 1% 1.3750
1.4375 UN 1.3830 83.8 | 1.3012 71.3 | 134 1.3906
1.4375 ] 28 UN 1.3990 83.0 | 1.4031 60.8 | 35.5 mm 1.3976
s,
1.500 6 UNC 1.3200 83.1 | 1.33%6 74.1 f;’fg {I:'gg?
1.500 8 UN 1.3850 8.1 1.3797 0. {1 1.3
1.500 12 UNF 1.4100 83.1 1.4168 4.1 | 1Mg 1.4062
1.500 18 UN 1.4320 83.8 | 1.4408 720 | 1% 1.4375
1.500 18 | UNEF | 1.4400 83.1 1.4480 72.1 | 1'% 1.4373
1.500 20 UN 1.4460 83.1 1.4537 71.3 | 124 1.4331
1.500 28 UN 1.4610 84.1 1.4676 69.8 | 37 mm 1.4567
1.5625 [} UN 1.3820 83.4 1.4021 74.1 1:;.{. 1.3906
1.5625 8 UN 1.4270 83.4 | 1.4422 7. {174 149
1.6625 | 12 UN 1.4720 83.6 1.4823 76.1 | 1Y 1.4688
1.5625 | 16 UN 1.4850 83.1 1.5033 720 | 1 1.5000
1.5625 | 18 | UNEF| 1.5020 83.8 | 1.5105 72.1 | 1 1.5000
1.5625 UN 1. 83.9 | 1.5182 71.3 | 19ig 1.5156
1.625 6 UN 1.4450 83.1 1.4648 740 g 1.4531
1.625 8 | UN 1.4900 83.1 ] 1.5047 7. [ ’; 1454
1.625 12 UN 1.5350 83.1 1.5448 74.1 [ 1itg 1.5312
1.625 18 UN 1.5570 83.8| 1.5638 72.0 | 194 1.5625
1.625 18 | UNEF . B83.1 1.5730 72.1 | 14 1.3625
1.625 20 UN 1.5710 83.1 1.5787 71.3 | 19 1.5781
16875 6 | UN | 1.5070 83.¢ | 1.5211 1. {15 1.5000
1.6875 8 UN 1.5520 83.4 1.5672 76.1 | 1% 1.5638
1.6873 | 12 UN 1.5970 83.6 { 1.6073 74.1 | 1i%g 1.5938
1.6875 [ 16 UN 1.6200 83.1 1.6283 72.0 lgé 1.6250
1.6875| 18 | UNEF | 1.6270 83.8| 1.6353 72111 1.6250
1.6875 | 20 UN 1.63 83.9 | 1.6412 71.3 | 19 1.6406
1% 1.5312
1.750 5 UNC 1.5340 83.1 1.3575 4.1 }:,“ }gggg
1.750 6 UN 1.5700 83.1 1.5896 74.1 1% 15781
1.750 8 | uN | 1.6150 83.1] 1.6207 1. {1k e
1.750 12 UN 1.6600 83.1 1.6698 74.1 | 13 1.6563
1.750 16 UN 1.6820 83.8 | 1.6908 72.9 | 11 1.6875
1.750 UN 1.6960 83.1 1.7037 71.3 | 144 1.7031
. 196 1.6250
1.8125 ) UN 1.6320 83.4 1.6521 7¢.1 1 T
1.8125 8 UN 1.8770 83.4 | 1.e922 74.1 }:,fa 1.g7119
1.8125 [ 12 UN 1.7220 83.6 1.7323 74.1 | 1ng 1.7188
1.8125 | 16 UN 1.7450 83.1 1.7533 72,9 | 1% 1.7500
1.8125| 20 UN 1.7580 83.0 | 1.7682 71.3 | 195 1.7856
1.875 8 UN 1.6950 83.1 1.7146 74.1 | 1% 1.7031
1.878 8 UN 1.7400 83.1 1.7547 74.1 l!é 1.7500
1.875 12 UN 1.7850 831 1.7948 74.1 | 18g 1.7812
1.875 16 UN 1.8070 83.8 1 1.8158 72.9 | 1ug 1.8125
1.873 20 UN 1.8210 83.1 1.8287 71.3 | 184 1.8281
1.9375 ) UN 1.7570 83.4 1.1 110G 1.7656 g
14 1.7969
1.9375 8 UN 1.8020 83.4| 1.8172 2 {16 1.7969 14
1.375 | 12 UN 1.8470 83.6 | 1.8573 74.1 § 10g 1.5438 87
1.8375 | 16 UN 1.8700 83.1 1.8783 12.0 | 14 1.8750 77
1.6375 | 20 UN 1.8830 83.0 | 1.8012 71.3 | tig 1.8906 72
See footnstes ot end of table.
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TABLE 1X.A.2 — Top drill sizes, Unified screw threads, class 3B - continued

8
Clase 3B minor diameter, internal threads Tap drill and percant of thraad
) Threads "
Throad sizo or | Dosig~ ‘ 1 1
" ipnch nation Pefcenl‘l‘ / Percent‘l/‘ Percan Probable | Probable Percent ~‘/
Minlmum of Maximum of Driit size of oversize, hole of
Thread Thread | Threoed mean slze Throad
000 C K, 90 83.5 1.';861 74.1 | 184 " 1 78"1n2 78 |
2. 4.5 N 1.75 . 1. . .
2.% 6 %N 1. 83.1 1.8398 74.1 | 18g 1.8281 79
2.000 8 UN 1.8650 83.1 1.8797 74.1 | 18 1.8750 77
2.000 12 UN 1.9100 83.1 1.9108 74.1 } 184 1.9062 87
2.000 16 UN 1.9320 83.8 1.9408 72.9 | 11g 1.9375 77
2.000 20 UN 1.9460 83.1 1.9537 71.3 | 104 1.9531 72
2.0825 16’ UNS 1.9950 83.1 2.0033 72.9 {2 2. 77
2.125 ] UN 1.9450 83.1 1.9848 74.1 | 184 1.9531 70
2.125 8 UN 1.9900 83.1 2.0047 74.1 | 2 2.0000 77
2.125 12 UN 2.0350 83.1 2.0448 74.1 | 214 2.0312 87
23.125 16 UN 2.0570 83.8 2.0658 72.9 | 2 20625 77
2.125 20 UN 2.0710 83.1 2.0787 71.3 | 24 2.0625 96
2.1875 16 UNS 2.1200 83.1 2.1283 72.9 | 2}4 2.1250 k& 2 PAPUUONSS SR P,
- 2 2. 87 fovemiennan
2.250 | 4.5 | UNC | 2.0090 83.5 | 2.0361 74.1 {2% 2.0000 8 1
2.250 8 UN 2,0700 83.1 2.0866 T4.1 § 214 2.0625 87 |-
2.250 8 UN '2,1150 83.1 2.1207 74.1 | 2} 2.1250 77 1.
2.2 12 UN 2.1600 | 83.1 2.1808 74.1 | 254 2:15682 87 1.
2.250 18 UN 2.1820 83.8 2.1908 72.9 | 2% 2.1875 7 9.
2.250 20 UN 2.1960 83.1 2.2037 71.3 | 2% 2.1875 96 |
2.3125 18 UNS 2.2450 83.1 2,2533 72.¢ | 2y 2.2500 }
2.375 6 UN 2.1950 83.1 2.2146 74.1 | 234 2.1875
2.375 8 UN 2.2400 83.1 2.2547 74.1 | 24 2.2500
2.375 12 -UN 2.2850 83.1 2.2048 74.1 | 58 mm 2.2835
2.375 16 UN 2.3070 83.8 2.3158 72.9 | 254 2.3125
2.375 20 UN 2.3210 83.1 2.3287 71.3 | 284 2.3125
2.4375 18 UNS 2.3700 83.1 2.3783 72.9 | 233 2.3750
274 2.2188
2.500 4 UNC | 2.2200 83.4 | 2.2504 74.1 {2% 2.2188
2.500 [} UN 2.3200 83.1 2.3368 74.1 | 2% 2.3126
2.500 8 UN 2.3650 83.1 2.3797 74.1 | 235 2.3750
2.500 12 UN 2.4100 83.1 2.4198 74.1 | 2134 2.4062
2.500 16 UN 2.4320 83.8 2.4408 72.9 | 2%, 2.4375
2.500 20 UN 2.4460 B3.1 2.4537 71.83 | 274 2.4375
2Ly 2.3438
2.625 4 UN 2.3540 83.4 | 2.3844 4.1 |{5)2 2.3438
T 2.625 6 UN 2.4450 83.1 2.4648 74.1 | 2% 2.4375
2.625 8 UN 2.4900 83.1 2.5047 74.1 | 284 - 2.
2.625- 12 UN 2.5350 83.1 2.5448 74.1 | 2Vg 2.5312
2.625 18 UN 2.5570 83.8 2.5658 72.9 | 2%, 2.5625
2.625 20 ~UN 2.5710 83.1 2.5787 71.3 | 2% 2.5525
2.750 4 UNC 2.4790 83.4 2.5004 74.1 | 234 2.5000
2.750 8 UN 2.5700 83.1 2.5806 74.1 | 2%, 2.5625
2.750 8 UN 2.6150 83.1 2.6297 74.1 | 2% 2.6250
2.750 12 UN 2.6600 83.1 2.6698 74.1 | 23g 2.8562
2.750 16 UN 2.6820 83.8 2.6908 72.9 | 214 2.6875
2.750 20 UN 2.6060 83.1 2.7037 71.3 | 214 2.6875
2.875 4 UN 2. 83.4 2.8344 74.1 | 234 2.6250
2.875 6 UN 2.6850 83.1 2.7148 74.1 | 214 2.6875
2.875 8 UN 2.7400 83.1 2.7547 74.1 | 2% 2.7500
2.875 12 UN 2.7850 83.1 2.7948 74.1 | 234 2.7812
2.875 16 UN 2.8070 83.8 2.8158 72.9 | 284 2.8125
2.875 20 UN 2.8210 83.1 2.8287. 71.3 § 2134 2.8125
3.000 4 UNC 2.7200 83.4 2.7594 74.1 | 2% 2.7500 ,
3.000 [ U 2.8200 83.1 2.8396 74.1 | 21ig 2.8125 '
3.000 8- UN 2.8650 83.1 2.8797 74.1 | 2% 2.8750
3.000 12 UN 2.9100 83.1 2.9198 74.1 | 74 mm 2.9134
3.000 16 - UN 2.9320 83.8 2.9408 72.9 | 2154 2.9375
3.000 20 UN 2.9480 83.1 2.9537 71.3 |-2154 2.9375
3.250 4 UNC 2.9790 83.4 3.0094 74.1 | 3 3.0000 i & A PSRN (R [T
3.500 4 UNC 3.2280 - 83.4 3.2594 74.1 | 34 . 3.2500 i S T RSP R,
3.750 4 UNC 3.4790 83.4 3:5004 74.1 | 34 3.5000 [ PO (RPN PRI

1/ 100% of thread = 0.75H {see 20.2.3).
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APPENDIX B
DESIGN OF UNIFIED SCREW THREADS

40. Scope. This appendix provides guidelines which may be used in the
design of unified screw threads for threaded parts. It is not a mandatory part
of the standard. The information contained herein is intended for guidance
only. It supplements information contained in Appendix B of ANSI Bf.1-1982.

50. General.

50.1 Introduction. In general, any given problem in thread design may be
susceptible to several more or less satisfactory solutions based on the prelim-
inary selection of certain elements of the design and the proper adjustment of
the other elements. In other words, thread design is to a large extent empiri-
cal and is partially based on previous experlence with similar designs and the
Judgment .of the designer. Accordingly, it is not practicable to present a -
definite system of approach to the design of a threaded assembly btut merely to
present a discussion of various design factors. :

50.2 TFactor relationships. The interrelation of length of engagement,
minimum major diameter of the external thread, mexirum minor diameter of the
internal thread, and the strengxh of the assembled thread needs to be under-
stood and carefully considered in order to produce the optimum design of a
special thread. It is not economical to use either a length of thread engage-
ment which is longer than required or shorter than that which will develop the
full strength of the externally threaded member. Other factors, such as
control of tap breskage, proper seating of a threaded part on a shoulder, the
prevention of cross threading, conditions of loading when the assembled parts -
are not concentric, and possible collapse of a hollow externally threaded
member, require careful analysis and adjustment of the design with respect to
selection of the diameter-pitch combination, the class of thread, length of
engagement, and major and minor diameter tolerances.

50.3 Thread fit considerations. A close fitting thread assembly under some
conditions may fail, whereas the cause of failure may be eliminated by provid-
“ing a looser fit. A cap screw that seats only on one side of the bearing sur-
face under the head may bresk off when the screw is tightened. When a screw
has. a large bearing surface under the head or when the head must be square with
a projecting pin, sufficient pitch diameter clearance must be provided to allow
for any out-of-squareness of the screw axis with the bearing surface under the
head. Thus, as large a pitch diameter tolerance as possible, together with
providing proper tolerances on squareness of face with the thread axis where
seating is required, may avoid the necessity for specifying a heat treated
bolt.
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50.4 Standard threads. Use of standard threads is required in accordance
with 4.1, Information on preferred sizes and classes for special threads
ap-pears in 5.1 and 5.2. Whenever practicable, lengths of engagement for
coarse, fine, 4,6 and 8 thread series should be between 5 pitches and 1 1/2
diameters; for all other series they should he between 5 and 15 pitches.
Application of these principles will help keep costs of manufacture and gaging
to a minimum.

60. Eccentricity of assembly and cross threading.

Note: Table 6 of ANSI B1.1-1982 includes tables of 0.375H, 0.75H and H.

In assembly and use, the combined tolerances and allowances on both mating
parts should not allow threads to disengage on one side when assembly is
eccentric. The axis of the internal thread can be displaced radially from
coincidence with the axis of the external thread by an amount equal to the sum
of the pitch diameter tolerances and the allowance. This radial displacement
may be sufficient so that the flank contact is entirely on one side and on the
opposite side the crest of the external thread will be in line with the crest
of the internal thread with the following results when the screw is constrained
in such a position in a tapped hole: (?? There will be danger of crossing the
threads in starting, and (2) the screw may pull out of the hole when tension is
exerted in this constrained position. The minimum amount of overlap is
arbitrary and controversial, but the following general rule can be used in lieu
of more specific data:

As the first step to assure the minimum safe overlap on both sides when the
assembly is concentric, the difference between the minimum major diameter of
the external thread and the maximum minor diameter of the internal thread
should not be less than twice the addendum of the external thread (0.75H).
Otherwise stated, the sum of the major-diameter tolerance and allowance, if
any, of the external thread and the minor-diameter tolerance of the internal
thread should not be greater than 4/3 the addendum of the external thread,
0.5H. This provides for 2 minimm of 50 percent thread engagement. As the
second step, to assure the minimum safe overlap on one side when the assembly
is eccentric, the difference between the maximum pitch diameter of the internal
thread and the minimum pitch diameter of the externel thread should not be
greater than the basic thread height (0.625H). Otherwise stated, the sum of
the pitch-diameter tolerances of both threads and the allowance, if any, should
not be greater than the basic thread height (0.625H). This provides for an
eccentric assembly condition equal to half the basic thread height (0.3125H)
and zero minimm overlap on one side. If the results from the limits of size
selected violate the above rules, the tolerances should be reduced by using a
closer class of tolerance, assuming tolerances consistent with manufacturing
possibility, or a coarser pitch should be used to increase the amount of
overlap. The major-diameter tolerance of the external thread or minor-diameter
tolerance of the internal thread should not be less than the pitch-diameter
tolerance of the respective thread to maintain thread form. Also, it should be
noted that, if the tolerance on the minor diameter of the internal thread must
necessarily be large, the major diameter of the external thread must be held
close to the maximum mejor diameter and vice versa.
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T70. Strength factors.

70.1 Tensile stress area. Tests have shown that externally threaded perts
fail in tension at loads corresponding to those of unthreaded parts with '
diameters midway between their pitch and minor diameters. Formulas (1a) and
(1b) in table II.B.1 provide stress area based upon a diameter approximately
midway between minimum pitch diameter and minimum minor diameter. These
formulas have been applied successfully to steel and other metals with ultimate
strengths up to 180,000 psi and are often used for product acceptance. Tensile
stress areas for standard sizes are tabulated in section 11 of ANSI Bi.1-1982.

70.2 Shear areas at minimum material. The geometric shear area of an
internal thread at minimum material is equal to the area of that thread which
is intersected by a cylinder with a diameter equal to the minimum major .
diameter of the mating external thread over the length of engagement. This is
identified in figure 2.B.1 for a one pitch section and formulas (2a) and (2b)
in table II.B.1 are used for calculation. Similarly, the geometric shear area
of an external thread at minimum material is equal to the area of that thread
which is intersected by a cylinder with a diameter equal to the maximum minor
diameter of the mating internal thread. This is also identified in figure
2.B.1 for a one pitch section and formulas (4a) and (4b) in table II.B.1 are
used for calculation.
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TABLE T1.8.1 FORMULAS FOR SCREW THREAD STRENGTH FACTORS

FORMULA REFERENCE
NUMBER CHARACTERISTIC FORMULA PARAGRAPH
2
(1a) | Tensile Stress Areo A, = 3.1416(920% _3H 70.1
2 16,
{1p) A, = o.7as4(c uc_°_'9;’_4§)2 701
: 1

(2a) Shear areg, internol threads min =3.1416 n LE dmind 5 +O.57735( - mux) 70.2
o reaverio axt i tasads) | ""{2" i De

(2b) AS,min= 3.1416 dmin E}.B'IS - 0577350 (Td +T0y +u)] LE 70.2

(3) Shear areo, internal threcds AS, =3.1416 O,bst -%—E— T04
{Stmplifiad: for d equal to or
greater than 0.250 inch)

(40) Shear area, external threads AS,min=3.,1416 nLE D, m[—%; +057735 (dzmin —D,mx)] 70.2
(Min material ext and int threcds)

(4b) AS,min=3.1416 Dymax {0.75 - 0.57735n (T'Dl +Td, +et)]LE T70.2

{5) | Sheor area, extemal threods ASy o 3.1416 dybsc S LE 704
(Stmplified)

{6a) | Shear area, externc! threads AS,max 3.1416 Dybsc %.(a‘:.E_ tromFig 2_&2) dbac 703
(Basic size extand int threods) bec

) AS,max 3.1416 Dybsc 2 LE 70.3

(1) | Shear orea,combined falre | AS=3.1416 D, bectE 705

R o Formula(6o)or{€b) X
(8) Shecr stress area rotio 1® Formulo (2a)or (25) 70.7.5
u
(s) . Materlal strength ratio Ry= TSn T0.75
uTS,

Notation: d = mojor diameter, external thread (wos Dy)
d,, = pitch diameter, external thread (wos Eq)
D, = minor dlameter, internal thread (was Kp)

D, = pitch diameter, internal thread { was E,)
es = gilowance, externa! thread (was G)

LE o langth of thread engagment { was Le)

n © number of threads per inch

UTSy = ultimate tensile strength of internally threcded part
UTS, = ultimate tensils strength of externally threaded part
Td,Td5,TD;,TD2, = tolerance on d, d2,0y,02 respectively
34 0.1875H = half external thread addendum

16’

(tabulated in Table 6 of ANSI B1.1 -1982)

bsc,max,min = modifiers denoting basic, maximum and minimum
values, espectively
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TABLE II.B.2 FORMULAS FOR SCREW THREAD DESIGN

FED-STD-H28/2A

REFERENCE

FORMULA
NUMBER CHARACTERISTIC FORMULA PARAGRAPH
F
(1 Tensile stress, externally threaded S = g 70.6
part— pure tension " "AS from(1a)or(1b)
(12) " | Combined tensile sfress ex'lernully sy - Sg +Sy 706
threaded part 2
. F :
with S, = .
0.7854] {4min)2 — o
5,.\2
’ t 2
53 ('2") +(%)
S = T d| min .
s in)4_ 4.8
0.1963| {dymin ) — d},
A% from (1 b
(13) Length of engagement based upon LE = 4A; from (1a)or(1b) 70.7.3
: combined shear failure of external - 3.1416 d,bsc
and internal threads
» " 2A3 from({1a)or(1b)
(14) Length of engagament based upon = 70.7.4
shear of external thread AS, from (4a)or(4b)
LE
- 2A5 from{la)or(1b
(15) Length of engagement based upon LE s—2 romla)or{1b) T70.7.5
developing full tensile strength of AS; from(6b)
external thread with threads at LE
basic size ~used with{16)
: R, from(8) -
(16) Langth of engagement based upon LE = LE from(15) x Refromie) 70.75
shear of internal thread : 2from(9

R
R—' is greoter thon 1
2 .

Notes:

1. Where Af isindicated, subtract 0.7854dﬁ from Agfora hollow part.
2. Numbers in parenthesis are formula numbers from Table XL and from this tabls.

Notation djmin =minimum minor diamster, external thread, flat fg;rgéwusKsmm) inch.

In formula(12), d;min=dpbsc - 2

_
2 Hadpg— 12220,

dy, = hole diameter, externally threaded puri mch If there is no hole, dy =0
F =axial lood on externally threaded part, |b :

Sg = shear stress, psi
S,’ =combined shear stress, psi

T =transmitted wrench torque in threaded section(approximately haif of the

applied wrench torque), in.~1b.
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SECTION FOR MINIMUM
SHEAR AREA OF
INTERNAL THREAD

L
SECTION FOR MINIMUM

SHEAR AREA OF

EXTERNAL THREAD
MAXIMUM MINOR DIAMETER MINIMUM MAJOR DIAMETER
OF INTERNAL THREAD OF EXTERNAL THREAD

FIGURE 2.B.1 SHEAR AREAS AT MINIMUM MATERIAL

70.3 Shear areas at basic size. The geometric shear area of an external
thread at basic size 1s equal to the area of a basic size thread which is
intersected by a cylinder with a diameter equal to the basic minor diameter.

Formlas (62) and (6b) of table II.R.1 are used for calculation. The geometric

shear area of an internal thread at basic size is not ordinarilv used for
calculations.

70.4 Shear area simplified formulas. Formlas (%) and (5) in table II.B.1

are simplified formulas for internal and external thread shear areas. They are

based upon empirical data and give shear areas which vary from the geometric
minimm material shear areas. In some cases, test data agrees more closely
with these simplified formla shear areas than with geometric shear areas.
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70.5 Shear area, combined failure of external and internal threads. When
the mating external and internal threads are on parts manufactured from
materials of approximately equal strength, failure will usually take place in
both threads simultaneously. Thread bending during failure changes the thread
- geometry in this case so that effective shear area is significantly smaller
than those calculated from formulas discussed in 70.2, 70.3 and 70.4 above.
Formala (7) in table II.B.1 is an empirical formula which gives an approximate
equivalent for this case. Numerically, it describes a failure at the pitch
diameter of one of the threads.

70.6 Tensile stress. Formula (11) in table II.B.2 is often used for accept-
‘ance of externally threaded fasteners with ultimete tensile strength, yield
gtrength, or some other selected stress level applied to S, in order to
determine the required axial test load. When threads are used. in a joint, a
tightening torque is applied to overcome friction under a bolt head or nut, to
overcome thread friction, and to develop the axial load. This torque results
in a shear stress, which when combined with the tensile stress from the axial
load, causes an increase in the effective tensile stress. Formula (12) in
table TII.B.2 describes this situation. Experlence has shown that for a solid
externally threaded part, the combined stress is generally about 20% greater
than the tensile stress calculated from formula (11). Therefore, in this case,
the combined stress is often assumed to be 1.2S, or is not considered due to
satisfactory experience with the Factor of Safety used.

70.7  length of engagement, LE.

70.7.1  If failure of a fastening system using standard threaded fasteners
should occur it is generally more economical that the externally threaded part
will breask rather than that either the external or internal thread will strip.
In other words, the length of thread engagement should be sufficient to develop
the full strength of the screw. Thus, the length of internal thread and the
dimensions of this thread, particularly its minor diameter, should be such
that, tsking into account a possible difference in strength of material of the
1nternal and external threads, the threaded portion of the externally threaded
part will bresk before either the external or internal threads strip. Due to
this situation, lengths of engagement formulas are derived from shear formulas
with tensile stress area A, replaced by 2AS because the required area in
shear is twice the tensile stress area in order to develop the full strength of
the externally threaded part. This relationship is based upon experiments made
by the National Bureau of Standards in 1929, in which it was found that for
hot-rolled and cold-rolled steel, and brass screws and muts, this factor varied
from 1.7 to 2.0. The effect of combined stress is no+ taken into account in
calculation of LE because the added shear load affects both tensile and shear
stresses .in approximately the same proportion. '
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70.7.2 All formulas for length of engagement, given in table II.B.2 yield
approximate values since they are based in part upon shear areas which are not
exact due to nut dilation which varies with geometry, friction forces, and
material properties. Also, the effectiveness of partial threads, in the
countersirks (or chamfers) on the ends of the internal thread, is not always
the same. For calculations, approximately half the countersirk depth may be
considered in the length of engagement. It is advisable that calculations of
length of engagement and corresponding load capabilities of a threaded joint be
checked by actual tests, for critical joints.

T70.7.3 When the externally and internally threaded parts are made from
materials of approximately the same strength, required length of engagement in
formula (13) of table II.B.2 may be applied. This assumes a combination
failure of both threads. See 70.5.

70.7.4 When the strength of the internal thread materially exceeds that of
the external thread, required length of engagement in formula (14) of table
I1.B.2 may be applied. This assumes shear of the external thread and uses the
geometric shear area of the minimum external thread. See 70.2. A slightly
longer or shorter length of engagement will be indicated if the simplified
formula (5) in table II.B.1 is used.

70.7.5 VWhen the strength of the external thread materially exceeds that of
the internal thread, required length of engagement in formula (16) of table
II.B.2 is used. This is based upon the internal thread stripping load being
equal to the nominal external thread stripping load which will develop full
strength of the externally threaded part. If R /R2 is less than 1, see
70.7.4 and if approximately equal to 1, see 70."'.3.

.70.7.6 Por an adjusting or lead screw, or if the connection will be
frequently unscrewed, the calculated LE should be increased to allow for the
expected wear on the flarks of the threads during the useful life of the
components.

70.7.7 For tapped holes in sheet metal, the maximum size of the screw to be
specified should be such that the thidmess of sheet equals the LE required to
develop full strength. In order to use the largest possible screw, it is
necessary that the tolerance, TD;, on the minor diameter of the hole should
be the practical minimum. If it should prove to be impracticable to reduce the
minor diameter tolerance to such a value, it mgy be necessary to decrease the
minimim minor diameter of the internal thread and to increase the minor
diameter tolerance by the same amount. If this is done, the maximum minor
diameter of the screw must be reduced by the same amount to prevent
interference and the minor diameter of the GO thread ring gage must likewise be
decreased, as this is the only control of the minor diameter of the screw. In
all such cases, where dimensions are altered from those calculated according to
the standard, the threads should be designated as specified in section 6.7 of
ANST B1.1-19832.
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70.7.8 TFor retaining collars on shafts where the expected axial force ' ’
resisted by the collar is appreciably less than the temsile force that the _
shaft itself is capable of resisting, LE need only be long enough to withstand
the expected axial force on the collar. If Fc is the axial force to be
carried by the collar,. UTS. is the tensile stTength of the shaft and UTS,
is the tensile strength ofs the collar, calculate the required length of
engagement from one of the following formulas: o _

: - - 2F
. Collar thread strip: =
? ollar thread strip: LE UTS,, x ASp, from (2a), (2b) or(3)
LE ‘
b. Shaft thread strip: LE =
art T P UTS, x ASs from (4a), (4b) or(5)
LE
" ¢. Combination thread stripping when UTSg = UTSn approximately:
' 2F¢ o )
LE =< -
(UTSg or UTSp)x AS from(7)

LE »
Note: Numbers in parenthesis are formula numbers from table o.B81.

70.7.9 TFor hollow, thin wall threaded parts as the wall thickness of either
or both the intermal amd external menbers becomes thin, the tendency of the
extermsl member to enlarge and the internal member to neck down in the thread

‘means that an LE greater than given by formula must be wsed, also that the
tolerances on minor diameter of the internal threed ard major diameter of the
external thread, TD1 amd Td, must be small to obtain the maximum practicable-
depth of thread engagement. TFor components having threads on thin-wall tubing,
tests under actual working conditions should be mede to determine proper
gelection of wall thicknesses, length of engagement, and pitch of thread.

80. Threaed proportions in relation to tapping.

80.1 In the production of threeds it is considered impractical to tap a
thread unless its nominal diameter is greater than six times the basic threed
height; therefore, when the ratio of D to h is less than 6, the wse of a large

diameter, a finer pitch of thread, or both, shou:ld be corsidered. :

80.2 The sizeé of Dy is a factor in controlling tap breakage. Tap breakage
is infrequent if the diameter of the tap is over 0.5 in or if the length of
thread to be tapped is less than 0.%D. For sizes less than 0.5 in and length
of threed over O.%D, tap breaskage can be minimized by wse of a large Dy, that
‘is ™Dy maximum.. However, this means that LE may have to be increased 1',0
develop the full strength of the screw. _
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90. Examples of thread design.

90.1 Gun barrel thread. A gun barrel is subjected to an internal explosive
pressure that produces a tensile stress in the threaded end. The length of
engagerent of the threads should be sufficient to produce a minimm area in
shear on the threads of the screw in line with the minor diameter of the
tapped hole threads equal to twice the stress area of the threaded portion of
the barrel. Assume that the thread on the barrel is 1.500-8UN-2A and the
minimm internal diameter of the barrel at the threaded end is 0.792 inch.

Note: Symbol notation and formula numbers in parenthesis are in
accordance with tables II.B.1 and II.B.2.

d. Required length of engagement is found using formula{14) for a hollow part.
2(as —0.7854 d2)

3.1416n D‘mon[-'z—n + 0.57735 (dzmin - D|moxz|

LE =

with Ag = 0.7854 (dbsc - 0.9743)2. In this case, Ag may be read as
n

1.492 from table 13 of ANS| B1.1-1882.
dp, = 0.792
n =8
Dymax = 1.390 from table 3A of ANSI B81.1-1982
do min = 1.4083 from table 3A of ANSI B1.1—-1982

b. Calculating from the above yields a required length of engagement of
O.777 inch. By reducing the internal thread minor diameter
tolerance by half, the resulting Dy max is reduced to 1.3775
inches, and the required length of engagement is reduced to 0.714
inch.
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90.2  Screws mounting bracket to cast iron part. The dirmension is required
for the largast steel cap screw that can be‘USOd to hold a bracket on a cast
iron body. The tensile strengbh of the steel is 60,000 ps1 the tensile
strength of the cast iron 20,000 psi, and *he Thlckne 355 of the cast irom is
such that the length of thread engpgenent cannot exceed 1.750 in.  The screws
on the top sid@ of the bradket will be in fension‘

Note: - Symbol no‘rstlon and formula numbnrs ‘in pareﬂthesm are in
accordance with tables I1.B.1 and II.B.Z2.

a. Since the external thread material is considerably stronger than
that of the internal thread material, in accordance with 70.7.5,
formila (16) will be used to calculate the length of engagement
required. This formula is applied for LE based upon shear of the -

_internal thread. To confirm thls assumption, R1 > should be :
calculated. ,

b. Ry camnot be calculated from formula (8) until a thread size is
selected. By definition, however, R, is the ratio of external
thread shear area to internal thread shear area. An approximation
of Ry, can be made by using the smphﬁed fornmlas for shear '
areas So - ‘ R

Approximate Ry =-ormila (5 - 0.8

c. Ry is calculated from formila (9).

UTs
R~ = n = 20000
2 T, 60000 = 0.333

d. From b and ¢ above, Ry/R5 = 2.5 approximately. This value
being greater than 1 confirms the use of formula (16) for
calculation of length of engagement.

e. From formila (16) it is seen that the length of engagement mist be
approximately 2.5 times as long as that required if shear in the
external thread were the controlling factor. Thus, since the maxi-
mm available IE is 1.750 inches, the approximate LE required for
the screw to develop full strengbh is 1.750/2.5 = 0.700 inch.

f. Inasmuch as the hole is tapped in cast iron, a relatively coarse
thread would be required, that is UNC or coarser. The most readily
available screws would be UNC. Select thread sizes from figure
2.B.2 which yield LE of approximately 0.700 inch. Figure 2.B.2 was
developed from formula (15). 2 _

For 1"~ 8UNC, LE/D=0.594 and LE =0.594

For 1 lB ~TUNC,LE/D =0.592(est.)and LE=0.656 | o ' ' :
For l]z'- TUNC,LE/D=0.600(est.)and LE =0.750 .
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Far o bracket screw, the preferred thread class is 2A so the selected thread is l‘g -7TUNC-2A
for the cap screw. The corresponding hole in the body would hove a 1-’8"— TUNC-28B threod.

The thread should be checked in accerdance with farmule (16). Formulo(16) may be expressed
as follows:

2 A R
e s — o
3.14160min x = 2
. . 2
with A = "0 7854 (dbsc - -0—9%-13—) . In this case, Ag may be read as

0.763 from table 8 of ANSI B1.1 ~1982.
Dlmin = 0.970 from table 3A of ANS| B1.1 -1982.

3 .
Formula(6b) _ 3 *Domin
Formula(2a)

n dmin [-é‘;‘ x0.57735 (dmin —-DZMOX):]
n=7

dmin = 1.1064 from toble 3A of ANS| B1.1-1982

D,mox = 1.0416 from t'oble 3A of ANSI B1.1-1982

0.863
0.333 from ¢ above.

SO Rl

Ro

Calculating from the above yields a required length of engagement of 1. 729 inches. This is
acceptable since it is less than the maximum ovailable engagement length of 1.750.
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